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INTRODUCTORY 



Ttie greater part of the material in the following pages is compiled from a 
series of articles written for the Plumbers* Tbaoe Journal, entitled "Hints on 
House Heating/' The text has, however, been revised, some new material has been 
added, and the book is now offered to the trade with the hope that it may prove 
especially helpful to those who are chiefly interested in House Heating Apparatus. 

In the first part of the book are illustrated and described, a number of exam- 
ples of Steam and Water Heating Apparatus, which have been in actual operation 
for ten or fifteen years, and which may be considered as fair examples of good, 
average current practice. 

The greater portion of the work described was installed under the writer's 
supervision, and compares favorably with the better class of house heating appa- 
ratus. 

The writer, however, believes that in the near future, new methods of house 
heating will be evolved that will be a large improvement over present practice. 

For example: Steam will displace water as a residence heating medium, when 
it can be installed so the heat in each unit of radiation is under perfect control, 
and so that the various radiators may be run at any desired temperature, without 
changing the initial temperature at the boiler, excelling in this feature the best in- 
stallation of water heating apparatus extant. 

In the latter part of the book numerous examples of steam and water heating 
are shown, which some heating men may classify as "freaks/' inasmuch as the pipe 
sizes employed are much smaller than those commonly used by the trade. 

Nothing is shown, however, that has not been tried in practice, and it is the 
firm conviction of the writer that still smaller pipes than are mentioned in any part 
of this work will come into general use with increased knowledge of the science 
of Steam and Water Circulation at High Velocities. 

Turn to the diagram on page 260 representing the relative volume of Steam 
and Water, and on page 186 note the space occupied by the condensation from a 
given quantity of condensing surface, and then think of a rational excuse for using 
a 3-inch return for a 5-inch supply, as is quite often done, or in two-pipe work, 
for the use of a 1%-inch supply and a 1^4nch return, for 100 square feet of radia- 
tion. 

Those who believe that current practice in the way of pipe sizes cannot be 
improved upon, may find something of interest in the first 40 chapters, while those 
who believe in progression, will find many helpful hints in the last 90 pages. 

In the article on "Heat Transmission," pages 15 to 25, the various data for de- 
termining quantities have been resolved into simple factors, which will facilitate 
the work of computation, and a table of multiplying decimals has been provided for 
increasing or diminishing the radiation, according to prevailing local conditions. 

The article on Velocities of Steam in Pipes will be found very helpful to those 
who are not familiar with the subject, and the suggestion in regard to the priming 
of boilers and the intelligent use of small piping, is worth many times the price 
asked for this book. C. B. T. 
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CHAPTER I. 



THE FIRST IMPORTANT FACTOR TO CONSIDER IN PROPERLY PROPORTIONING 

A HEATING APPARATUS. 



THE art of house heating Is not 
as yet an exact science, but In 
the past few years rapid strides 
have been made toward formu- 
lating laws for all the different phenom- 
ena of heat. The practical application 
of these laws will go far towards placing 
the house-heating business on a scientific 
and solid basis. 

The literature on the subject has usu- 
ally been written by men of high scientific 
attainments, and much of the important 
data has been reduced to algebraic for- 
mula, which is unintelligible to the great 
body of workers in this particular field 
of industry. 

In these papers it is the writer's pur- 
pose to use only such terms and phrases 
as will be readily understood by men of 
average education. 

The measure of heat used in this coun- 
try is the British thermal unit, which is 
the quantity of heat necessary to raise 
the temperature of one pound of water 
one degree Fahrenheit. 

This heat unit will be used in this 
book for the sake of illustration, be- 
cause it is impossible to write or talk 
intelligently or correctly on the subject 
of heating without using some unit of 
measurement. 

Kbr example, a pound of anthracite coal 
in burning to dioxide, or perfect combus- 
tion, will yield about 13)000 heat units B. 

T. U. 

The water in the boiler absorbs a cer- 
tain percentage of the heat yielded by 
the coal, and this heat is available to 



warm the piping and radiation attached 
to the boiler. The piping and radiation 
lose their heat to the surrounding air, 
which in turn is cooled by the glass, out- 
side walls, and by mixing with the colder 
air which comes into the room by the 
various openings about the windows, etc. 
The air which enters must of course 
escape by some exit, which is usually an 
open fireplace. To the fresh air which 
thus enters the rooms, we are indebted 
for the measure of ventilation we enjoy 
during the season of artificial heat, ex- 
cept, of course, in the rare instances 
where ventilation is specifically provided. 
This book treats of low pressure steam 
and water heating only, leaving the hot 
air system to those who are better quali- 
fied to give instructions regarding its in- 
stallation. 

RADIATION. 

To determine how much radiation is 
necessary to heat a given space it is well 
to remember that a room loses its heat; 
1st, through the glass; 2d, through the 
outside walls; and 3d, through the fresh 
air entering the room. 

The loss of heat is in proportion to the 
difference between the temperature of the 
air in the room, and the external temper- 
ature. It is usual to call the inside tem- 
perature 70 degrees, the external de- 
grees, and say the difference is 70 degrees, 
proportioning the radiation to maintain 
a temperature of 70 degrees in the rooms 
in zero weather. 

An apparatus so proportioned in all its 
parts will, as a rule, maintain the 70-de- 
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g^ree temperature as easily at 20 degrees 
below asero as it will at zero, for the rea- 
son that in the extremely low tempera- 
tures there is rarely any wind, while at 
zero and 10 above the cold wave is fre- 
quently accompanied by high winds which 
drives the heat out of the building more 
rapidly than will any other agency. 

To use the cubic contents of a room as 
a basis for obtaining the proper amount 
of radiation is misleading, as the radia- 
tion so computed will overheat one room 
and underheat another. 

A rule that is used by a number of 
steam heating contractors for computing 
the quantity of radiation necessary to 
warm rooms by low pressure steam heat- 
ing apparatus, is as follows: 

1 square foot radiation to 2 square feet 
of exposed glass; 

1 square foot radiation to 20 square 
feet of exposed wall; 

1 square foot radiation to 200 cubic feet 
of air. 

In Fig. 1 is shown the first floor of a 
small residence. Each room contains the 
same cubic feet of air, but the cooling 
surface differs in each. 

Figuring by cubic contents and appor- 
tioning 1 square foot of radiation to 45 
cubic feet of air, we would have exactly 
50 square feet in each roqm, or a total of 
200 square feet, while the above rule 
gives 188 square feet. A comparison of 
results obtained by the two methods will 
be instructive and noteworthy as follows: 
Cubic Contents. Above Rule. 

Ratio 1 Ao Ratio 2—20—200 

Room A ... 50 52 

Room R ... 50 45 

Room C ... 50 20 

Room D ... 50 G2 



200 188 

While the 2-20-200 rule can be relied 
upon to give good average results, where 
the proportion of exposed wall and glass 
does not greatly vary some attention must 
be given to the coldest quarter and the 
most distant radiator from the boiler. 
Where the prevailing winter winds are 
from the northwest it is well to add 20 
per cent to the radiation in the northwest 
room and deduct 20 per cent, from the 
more favored rooms, such as the southern 



exposure. Now as this radiation is for 
steam, with a mean or average tempera- 
ture in the radiation of 220 degrees, what 
percentages shall we add for water? 

In the ordinary house job of water heat- 
ing where the circulation is free, the 
water should return to the boiler with a 
loss of from 15 to 20 degrees in tempera- 
ture. If the water leaves the boiler at 
180 degrees and returns at 160, then the 
mean or average temperature of the radia- 
tion will be 170 degrees. Assume a high 
efficiency for the radiation, placing it at 2 
heat units loss per square foot per hour 
per degree of difference, and we have in 
the steam job — temperature of radiation, 
220 degrees; temperature of room, 70 de- 
grees; temperature difference, 150 de- 
grees; loss or emission 2 heat units per 
square foot pe/ degree of difference equal 
300 heat units loss per hour per square 
foot of radiation. 

In the water radiator at 170 degrees 
average temperature the loss will be 200 
heat units figured by the same rule, so 
there will be required just 50 per cent, 
more radiation for water than for steam. 

If the water radiators are 160 as against 
steam at 220, we must add G6 2-3 per cent. 
If 150, the difference will be 871-2 per 
cent., and if 145 degrees, as against 220 
degrees, the surface will have to be dou- 
bled to get the same results. 

If on the other hand the water radiation 
can be held at a mean temperature of 200 
degrees as against 220 degrees in the 
steam, only 15i{j per cent, need be added. 

It is good practice, however, in water 
heating to figure for a temperature in the 
radiators of 1C5 to 170 for coldest winter 
weather and to add 60 per cent, to the 
radiation derived from the steam rule. 
This gives the following figures: 

Water Radiation. 

Room A 83 sq. f t. 

Room B 72 " " 

Room C 47 ** '• 

Room D 09 " " 

801 •• " 

As it is usual to use a radiator for water 
heating containing 5 square feet to the 
loop, we will take the nearest multiple of 
K for the number of loops required, and as 
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the northwest room D is in the coldest 
quarter and the hall A on the warmest 
side we will distribute the radiation as 
follows for steam at 220 degrees, and wa- 
ter at 170 degrees in the radiators: 

Steam. Water. 

Boom A 40 65 

Room B 45 70 

Boom C 80 60 

Boom D 75 120 

190 806 

We will assume there is a second floor 
to be warmed, which may be treated in 
the same manner as the first floor. It 
frequently happens that in the upper hall 
there is no room for a radiator, in which 
event the surface required for it may be 
added to the lower hall, this will, how- 
ever, make a large and unsightly radiator, 
which can be avoided by heating the two 
halls by an indirect placed underneath 
the Joists of the first floor hall. If this 
is done, there should be added to the di- 
rect radiation required 75 per cent, for 
indirect. Suppose the job is steam and 
the two halls require 75 square feet di- 
rect; adding 75 per cent, gives 132 square 
feet for the indirect, and as the water of 
condensation from the indirect will return 
to the boiler at a much lower temperature 
than will the water from the direct sur- 
face, because of the cold air passing over 
its surface, there must be provision made 
for boiler power to equal the increased 
load. 

It is usual to allow for this increase in 



loss of temperature by counting the indi- 
rect 50 per cent, larger than its actual ca- 
pacity. 

In the case cited above in a steam job 
we would have: 

Room B, direct 46 

Room C, direct 80 

Room D, direct 76 

Room A, Indirect 182 

This gives a grand total of 282 

Add for increased boiler power on ac- 
count of indirect 69 

8 radiators on second floor 160 

498 

Add 20 per cent, for piping loo 

598 
This gives the required boiler capacity, 
but as it is poor economy to put in a boil- 
er that will just do the work, so is it 
good practice to add at least 25 p^r cent, 
to the radiation thus obtained and select 
a boiler of 750 to 800 feet rated capacity 
or thereabouts. 

There are many cases where for a job 
of this size a boiler rated at 500 would 
be selected, but such work is always un- 
satisfactory. 

Many instances have come under the 
writer's observation where the boiler has 
been selected before the proper amount 
of radiation was determined, but it will 
be obvious from what has been written 
that the radiation which warms the rooms 
is the flrst important factor ill properly 
proportioning a heating apparatus. 
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HKAT TRANSMISSION AND ITS APPLICATION. 



IT is assumed that the 2-20-200 rule 
referred to in chapter one, page 
12, is based on the varying 
rates of heat transmission for 
different building material; that it con- 
templates a temperature difference of 
70 degrees between internal and exter- 
nal; that is, the external air at zero and 
the rooms at 70 degrees; and that the 
air of the rooms shall change once per 
hour. 

The rule has the merit of simplicity 
and of being easily remembered and for 
a certain set of cooling proportions, may 
be used to good adyantage, but where the 
window or wall surface is of unusual 
proportions, or for other temperature dif- 
ferences, such as external zero, internal 
50 degrees, or external 40 degrees, in- 
ternal 70 degrees, or where there is more 
than one change of air per hour, it has 
no yalue. 

The item "1 sq. ft. to 200 cu. ft. of air" 
provides for one change of air per hour, 
and assumes that one B. T. U. will raise 
the temperature of 50 cubic feet of air 
one degree. This is not exactly correct, 
but is close enough for practical purpos- 
es. (One B. T. U. will add one degree F. 
to 48.7 cubic feet of air at zero and to 
56.3 cubic feet at 70 deg., making the 
average between zero and 70 deg. 52.5 
cubic feet.) If the air enters the room 
at zero and is warmed to 70 degrees, the 
rule assumes that 70 units of heat are 
required to raise the temperature of 50 
cubic feet of air from zero to 70 deg., 
and as there are four 50*s in 200, we find 
by multiplying 70 by 4. that we obtain 
280 B. T. U.. which the rule assumes is 
emitted by one square foot of radiation 
per hour. 

The rule for walls (1 to 20) is prob- 



ably based on a 12-inch wall with a tem- 
perature difference of 70 deg., and if so, 
the proportion of radiation is not enough. 
This rule should read "1 : 12.5" instead 
of "1 : 20," because at 70 deg., tempera- 
ture difference a 12-inch brick wall will 
lose 22.4 B. T. U. per square foot per 
hour, which multiplied by 12.5 gives 280 
B. T. U., the amount of heat which the 
rule assumes Is emitted by one square 
foot of radiation. 

For the glass, 1 square foot of radia- 
tion to 2 square feet of glass assumes 
that one square foot of glass will lose 
140 B. T. U. per hour with 70 deg. tem- 
perature difference, but by the law of 
cooling, one square foot of glass, under 
these conditions, will lose but 72 B. T. U. 
and 4 times 72 Is 288, showing that one 
square foot of radiation will furnish al- 
most as much heat as is lost by 4 square 
feet of glass. This is, of course, assum- 
ing that the windows are perfectly tight, 
and that a square foot of radiation will 
give off 280 B. T. U. per hour, but in poor 
construction there is sometimes more 
heat transmitted through the openings 
about the windows than passes through 
the glass, and the average radiator in the 
average installation will not emit more 
than 240 B. T. U. per sq. ft. per hour. 

The practice of apportioning radiation 
to rooms from their cubic contents can- 
not be too strongly condemned. It is 
true that a building figured on such a 
basis may contain the proper amount of 
radiation in the aggregate, but the distri- 
bution of heat cannot he right except by 
accident. 

To illustrate the 2—20—200 rule, take 
a room 15 x 15 x 10, with two sides ex- 
posed, each side having a window which 
contains 30 ft. of glass. This gives us: 
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Sq. ft 

Glass 60 1 :2 

Wall 300-60 equals 240 1:20 

Co. ft. of air 2,260 1:200 



Sq. ft. 
rad. 
30 
12 
11 



53 
Ratio for steam, 1.42.5 cu. ft. of air. 
Add for water, 60 per cent, equals 85 sq. ft. 
Ratio for water, 1.26.5 cu. ft. of air. 

The same room with one side exposed 
and 30 ft. of glass, flguted by the same 
rule, gives 32 sq. ft. for steam and 
51 square feet for water. Ratio for 
steam 1:70 cubic feet and for water. 
1:44 cubic feet. If but one side of the 
room is exposed which is all glass we 
would have: 

Sq. ft. 

Glass 150 -J- 2 = 75 

Air 2250^ 200 = 11 

For steam ; . . . 86 

For water 138 

This gives too much radiation as we shall 
see later. 

Now, this rule is all right where there 
is 70 deg. difference between the outside 
and inside temperatures, and where the 
proportion of glass and wall remain 
nearly constant, but when we want 
to figure for 20 below, or 40 above 
aero, with a temperature difference of 
from 30 to 90 degrees Faht., the rule does 
not apply, and if we have no other re- 
course we must guess. 

The radiation necessary to warm • a 
given space at any difference in tem- 
perature between the two sides (outside 
and inside), and for any given number 



of changes of air per hour, can only be 
correctly determined by computing the 
loss of heat by cooling or transmission 
in B. T. U. per hour through the dif- 
ferent material, and dividing the sum of 
the loss by the heat emitted by one 
square foot of radiation in one hour. This 
is not so difficult as it may seem, and it 
is just as easy to learn to do a thing right 
as it is to acquire the habit of doing it 
wrong. 

The transmission of heat from the in- 
terior to the exterior of a room or build- 
ing through the walls, windows, or ceil- 
ing, is calculated in B. T. U. per hour for 
one degree of difference in temperature 
on the two sides of the material, as fol- 
lows: Sq. ft. B. T. IT. ' 

8 in. brlok wall 1 0.46 

12 In. brick wall 1 0.32 

Frame construction, (wide 

range) 1 0.32 to 0.64 

Single window 1 1.03 

Double window 1 0.52 

Ceilings close to roof, same as walls. 

For one change of air per hour, we will 
calculate that one B. T. U. will raise the 
temperature of 50 cubic feet of air one 
degree F. Then the cubic contents multi- 
plied by the temperature difference be- 
tween outside and Inside, divided by 50, 
will give the heat required in B. T. U. 
per hour to warm the air. If the tem- 
perature difference is 70 and the cubic 
contents 2,250, we multiply the latter 
by the factor 1.4, which is obtained by 
the division of 70 by 50. From these 
co-efficients we obtain multipliers for the 
varying temperatures as follows: 



MULTIPLIERS FOR VARYING TEMPERATURES. 

Table "A." 

Column number 1 2 3 4 

External temperature F. Deg 40 80 20 10 

Internal temperature P. Deg 70 70 70 70 

Temperature difference 30 40 50 60 

Mnltlpliers, for 1 square foot of single glass. . 82 42 52 62 

•• 12-lnch wall 10 18 16 19 

" " cu. ft. air (1 change per hour) 0.6 0.8 1.0 1.2 

" (2 changes per hour) 1.2 1.6 2.0 2.4 

•* (4 changes per hour) 2.4 8.2 4.0 4.8 

(0 changes per hour) 3.6 4.8 6.0 7.2 

" " double windows 16 21 26 31 

" •' frame construction, poor 20 26 32 38 

•• frame construction, best 10 13 16 19 

*' ceiling close to roof 10 13 16 19 

" celling with large air space 3.8 5 6.3 7.6 
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Be careful to notice that the important 
factor is the temperature difference, and 
that from zero outside to 50 deg. inside 
is the same as from 20 deg. outside to 
70 inside, etc. 

We may now take the room 15x15x10 
with 60 feet of single windows, and 240 
feet exposed wall, and by the above rule 
figure the radiation required for an ex- 
ternal temperature of deg. internal 70 

Glass 60 X 72 = 4,.320 

12 in. wall 240x22 » 5,280 

Cu. ft. air 2,250 X 1.4= 3.150 

B.T.U. lost per hour 12.750 



For the radiation we will take a low 
rate of emission to cover all conditions 
and say that one square foot of steam 
radiation at 2 lbs. pressure will emit or 
furnish 240 B. T. U. per hour, and that a 
hot water radiator at 170 deg. F. will fur- 
nish per square foot per hour, 150 B. T. U. 

We then have for steam 12,750 divided by 
240 = 53 sq. ft., and 12,750 divided by 150 = 
85 sq. ft. for water. 

The figures for this room for the dif- 
ferent outside temperatures with 70 in- 
side, would be as follows: 

External temp. F. Deg. 40 20 10 0—10 — 20 
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Temp, difference 30 50 60 70 80 90 

8team. eci. ft 24 38 46 53 60 68 

Water, gq. feot 38 01 73 85 06 100 

Rad. to cu. ft. of air, 

steam . . 1 :94 1 :50 1 :40 1 :42.5 1 :37.5 1 :33 
Rad. to cu. ft. of air, 

water ..1:59 1:37 1:31 1:26.5 1:24 1:21 
We observe by the above table that to 

maintain a temperature of 70 deg. in a 
given room, requires about 80 per cent, 
more radiation for 20 below, than is nec- 
essary for 20 above zero, which is 2 per 
cent, increase for a drop of one degree. 

In making use of this method, it is 
only necessary to figure a few rooms, 
which will give the proper ratio to apply 
to the cubic contents of similar rooms. 
With but one exposed side all glass we 
have: 

QlaHS 150 X 72 = 10.800 

Air 2.250 Xl.4 = 3.150 

13.950 
Divide by 240 Rives 58 »q. ft. for Htoam, divide 
by 150 Rives 93 sq, ft. for water ; ah againnt 
86 Rq. ft. for Bteam and 138 sq. ft. for water, 
by tiie 2 — 20 — 200 rule. 

It may be asked why we place so low 
a value on the radiator efficiency when 
for the purpose of boiler rating we say 
that steam radiation will emit 300 B. T. 
U. per square feet per hour, and water 
radiation 180. 

For the latter purpose we take the 
highest radiator efficiency obtainable 
under the most favorable conditions, and 
select boilers to meet those conditions, 
which will surely make them safe when 
attached to radiation of lower efficiency. 

On the other hand, it is not safe to de- 
I)end upon so high an efficiency from 
radiation to replace the heat loss of build- 
ings, because of the varying conditions 
surrounding the installation of every sin- 
gle radiator. 

Radiators yield their highest efficiency 
under the following conditions: 

First — When placed far enough from a 
wall to allow a free circulation of air 
over the surface. 

Second — Where the change of air in 
the room is frequent. (Four changes of 
air per hour will cause a radiator to give 
off more heat than one change of air.) 

Third — When equipped with air valves 
that insure a clearance of all the air in 



all of the loops. A matter of importance. 

Fourth — When the top is wholly unob- 
structed to permit a free flow of air the 
full length of the loops. 

And conversely, a radiator will do its 
poorest work: 

First — When placed close to a wall. 

Second — Where there are very infre- 
quent changes of air. 

Third— When air bound. (A radiator 
may be hot throughout every square inch 
of its surface and yet a portion of the 
surface may contain air heated by con- 
tact with the steam, but all such sur- 
face will only condense as much steam 
as the air will absorb, and is. therefore, 
of low efficiency.) 

Fourth — When covered with marble 
tops, board seats, cushions, or when used 
as plate warmers, etc. 

Fifth — In water heating, where the cir- 
culation is reversed and enters the radia- 
tor through the return. (A frequent 
occurrence and one that is sometimes 
erroneously attributed to undersized 
mains.) 

Sixth — Where the water is drawn from 
a radiator for domestic use. 

Seventh — Where the water stands in 
the radiator below the top connecting 
port, and the water in the loops is heat- 
ed by contact or conduction from the bot- 
tom port. 

To illustrate the importance of a 
proi)er distribution of radiation, we pre- 
sent a floor phin of several rooms (Figure 
2), each requiring a different ratio of ' 
radiation to cubic feet of air. 

These rooms would be flgured by heat 
transmission for the temperatures of zero 
outside and 70 deg. inside, as follows: 

Room "A"— 7% ft.x30 ft.xlO ft. 

Sq. ft. 

(;ia»8 60x72 =4.320 

Wall 315 X 22 = 6.930 

(^1. ft. air 2,250 X 1.4 = 3.150 

Loss in n.T.T'. per hour 14.400 

For steam, divide by 240 = 60 s<|. ft rad. 
Ratio for steam. 1.37 V^ cu. ft. air. 
For water, divide by 1.50 = 96 sq. ft. rad. 
Ratio for water. 1.23 Vj cu. ft. air. 

Room "IV— 15 ft. X 15 ft. x 10 ft. 

Sq. ft. 
Glass 30x72 =2.160 
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Wall 120 X 22 = 2.640 

Cu. ft. air 2,250 X 1.4 = 8.150 



Cu. ft. air 2,250 X 1.4 = 3,150 



Loss in B.T.U. per hour 7,950 

For steam, divide by 240 = 33 sq. ft. rad. 
For water, divide by 150 = 53 sq. ft. rad. 
Ratio for steam, 1.08 cu. ft. air. 
Ratio for water, 1.42 V^ cu. ft. air. 

Room "C"— 15 ft. X 16 ft. x 10 ft. 

Sq. ft. 

Glass , 60 X 72 = 4,320 

Wall 240 X 22 = 5,280 

Cu. ft. air 2,250 X 1.4 = 3,150 



Loss in B.T.U. per hour 12,750 

For steam, divide by 240 = 53 sq. ft. rad. 
For water, divide by 150 = 85 sq. ft. rad. 
Ratio for steam, 1.42 V^ cu. ft. air. 
Ratio for water. 1.26 V^ cu. ft. air. 

Room "D"— 15 ft. X 30 ft. x 10 ft. 

Sq.ft. 

Glass 60 X 72 = 4,320 

Wall 240x22 =5,280 

Cu. ft. air 4,500 X 1.4 = 6,300 

Loss in B.T.U. per hour 15,900 

For steam, divide by 240= 66 sq. ft. rad. 
For water, divide by 150 = 106 sq. ft. rad. 
Ratio for steam, 1.68 cu. ft. air. 
Ratio for water, 1.42% cu. ft. air. 

Room "E"— 15 ft. X 15 ft. x 10 ft. 

Sq. ft. 

Glass 90 X 72 = 6,480 

Wan 360 X 22 = 7.920 



Loss in B.T.U. per hour 17,550 

For steam, divide by 240= 73 sq. ft. rad. 
For water, divide by 150=117 sq. ft. rad. 
Ratio for steam, 1.31 cu. ft. air. 
Ratio for water. 1.19 cu. ft. air. 

Tabulating the different methods of 
obtaining the requisite quantity of radia- 
tion for the rooms shown on the sketch, 
we can better see how they measure up 
to the standard obtained by figuring 
from heat transmission. 

1 2 3 

By heat By By cu. ft. 

trans- rule of air 

mission 2—20 — 200 

1 :40 1 :25 
S. W. S. W. S. W. 

Room A 60 96 57 91 56 90 

Room B 33 53 38 61 56 90 

Room C 53 85 53 85 56 90 

Room I> 66 106 64 104 112 180 

Room I*: 73 117 74 118 56 90 

No. 2 is almost exactly the same as No. 1. 
No. 3 Is 18 per cent, greater than No. 1. 

Thus, on a building requiring 24,000 
square feet of radiation. No. 3 would have 
a surplus of 4,300 square feet, while 
some rooms would be too warm, and oth- 
ers too cold. 



CHAPTER III. 

HEAT TRANSMISSION AND ITS APPLICATION.— Continued. 



ONE of the advantages of knowing 
how to figure from transmis- 
sion, is that the rule adapts 
itself to all temperatures. For 
example, in some parts of California the 
requirements are to raise the temi)erature 
of the air from 40 to 70 deg. F. For room 
"C" there would be required 24 square 
feet for steam, or 38 square feet for water. 

Again, in some parts of the South, the 
requirements are to raise the temperature 
of the air from 20 to 70 deg.. and for 
those conditions room "C" requires 38 
square feet for steam, or 61 square feet 
for water. 

The same class of building located in 
the Northwest, where we must prepare 
for 20 below zero, will require for room 
"C" C8 square feet for steam, or 109 
square feet for water, a difference in 
radiation requirements between Califor- 
nia and Minnesota, of 118 per cent. 

With some heating contractors It is 
customary to increase the proportion of 
radiation on that side of the building 
which is exposed to the prevailing win- 
ter winds. Others take the ground that 
if it is zero on one side of the house, it is 
zero on all sides, and that additional 
radiation is not required on what is 
termed "the cold side of the house." Ex- 
periments, however, prove that the ratio 
of radiation must be increased on the 
windward side of the house to secure an 
even distribution of heat, not because the 
heat transmitting qualities of the build- 
ing material is increased by the force of 
the wind, but for the reason that the 
wind pressure forces fresh air into the 
room, causing a more frequent change of 
air. 

Consider a room containing 2.250 cu. 
ft., where the radiation is figured for one 



change of air per hour. To warm the 
air only, 13 sq. ft. must be used. If the 
air of the room changes twice per hour, 
the radiation apportioned for warming 
the air must be doubled, or if the win- 
dows are so badly fitted that the wind 
pressure forces a change of air four times 
per hour, there would be required for the 
purpose of warming the Incoming air 52 
sq. ft. instead of 13. 

There are instances where the windows 
of a room are so badly fitted to the cas- 
ings, and the casings are so loosely fitted 
to the wall, that it is seemingly impossi- 
ble to introduce sufficient radiation to 
warm the room on cold, windy days, due 
to the rapid displacement of the air. 

The proper remedy in such cases is to 
put on double windows and close with 
cement all openings about window frames. 

Here is another application of the 
"transmission" rule: 

A factory two stories high is to be 
warmed with low pressure steam, the first 
story to 40 degrees, and the second to 70 
degrees, when the external air is zero; 
12" brick walls, wood celling next to 
roof, no air space. 

The data is as follows: 

Building 120 ft. X 40 ft. each floor 12 ft. 
ceilings, air in rooms change once per hour. 

First Floor. 

Temperature 40**, temperature difference 40*. 

See multipliers in table A. col. 2. 

Glass 400 sq. ft. X 42 = 16.800 

Wall 3.240 8q. ft. X 13 =42,120 

Cubic ft. air 57,600 sq. ft. X 0.8= 46.080 



Total loss of beat per hour in B. T. U. 105.000 
Divide by 280 = 363 sq. ft. of radiation. 

Second Floor. 
Temperature 70*, temperature difference 70*. 
See multipliers table A. col. 5. 

Glass 680 sq. ft. X 72 » 48.960 

Wall 3.250 sq. ft. X 22 «= 71.280 

Ceiling 4.800 sq. ft. X 22 >:=105.000 
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Cubic ft. air 57,600 8Q. ft. X 1.4=> 80,640 

Total loss of beat per bour in B. T. U. 306,480 
Divide by 240 = 1,277 sq. ft. of radiation. 

No account is taken of the loss of heat 
through the floor in the second story. 
Strictly speaking, it should be accounted 
for, as it would lose heat to the first 
story, but the loss would be small. 

The emission of heat from a radiator is 
proportional to the difference in tempera- 
ture between the steam In the radiator 
and the surrounding air. On the first 
floor the surrounding air is 40 deg., the 
steam 220, making a difference of 180 deg. 
On the second floor the surrounding air 
is 70 deg., and the temperature difference 
150 deg. Then, as the radiator emission 
is 240 B. T. U. per sq. ft. per hour, with 
a temperature difference of 150 deg., the 
emission will be 289 B. T. U. with a tem- 
perature difference of 180 deg. 

We have shown the radiation required 
on a floor plan, when the external tem- 
perature is at zero and the internal tem- 
perature 70 degrees; also where the ex- 
ternal is zero and internal 40 deg. We 
will now, by this method, figure the 
radiation required in certain localities 
in the South, where the require- 
ments are to warm the air from 30 
degrees external, to 70 degrees in- 
ternal, a temperature difference of 40 
degrees. The multipliers for this tempera- 
ture difference we find in column 2 of the 
multiplier table ''A," which are as fol- 
lows: 

For glass 42 

For wall 13 

For cubic feet of air 0.8 

The radiation required for the different 
rooms shown on floor plan. Fig. 108, will 
then be as follows: 

Room "A." 

Glass 60 sq. ft. X 42 = 2.520 

Wall 315 8q. ft. X13 =4.100 

Co. ft air 2,250 sq. ft. X 0.8 = 1,800 

Loss in B. T. U. per hour 8,420 

For steam, divide by 240 => 35 sq. ft. radia- 
tion. 

For water, divide by 150 « 56 sq. ft. radia- 
tion. 

Ratio for steam, 1 :64 cu. ft. air. 

Ratio for water, 1 :40 cu. ft. air. 

Room **B." 

Glass 30 sq. ft. X 42 = 1.260 

Wall 120 sq. ft. X 18 = 1,560 



Cu. ft. air 2,250 sq. ft. X 0.8 = 1,800 

Loss in B. T. U. per bour 4,620 

For steam, divide by 240=»19 sq. ft. radia- 
tion. 

For water, divide by 150 = 31 sq. ft. radia- 
tion. 

Ratio for steam, 1 :118 cu. ft. air. 

Ratio for water, 1 :73 cu. ft. air. 

Room "C." 

• Glass 60 sq. ft. X 42 = 2.520 

Wall 240 8q. ft. X13 =3,120 

Cu. ft. air 2,250 sq. ft. X 0.8 = 1,800 

Loss In B. T. U. per bour 7,440 

For steam, divide by 240 = 31 sq. ft. radia- 
tion. 

For water, divide by 150 = 50 sq. ft. radia- 
tion. 

liatio for steam. 1 :73 cu. ft. air. 

Ratio for water, 1 :45 cu. ft. air. 

Room "D." 

Glass 60 sq. ft. X 42 = 2,520 

Wall 240 sq. ft. X 13 3,120 

Cu. ft. air 4,500 sq. ft. X 0.8 = 3,600 

Loss in B. T. U. per hour 9.240 

For steam, divide by 240 = 39 sq. ft. radia- 
tion. 

For water, divide by 150 = 62 sq. ft. radia- 
tion. 

Ratio for steam. 1 :115 cu. ft. air. 

Ratio for water, 1 :73 cu. ft. air. 

Room "E." 

Glass 90 sq. ft. X 42 = 3,7»0 

Wall 360 sq. ft. X 13 = 4,700 

Cu. ft. air 2,250 sq. ft. X 0.8 = 1,800 

Loss In B. T. U. per hour 10,'J80 

For steam, divide by 240 = 43 sq. ft. radia- 
tion. 

For water, divide by 150 = 43 sq. ft. radia- 
tion. 

Ratio for steam, 1 :52 cu. ft. air. 

Ratio for water, 1 :33 cu. ft. air. 

Then, again, if the outside temperature 

is 40 degrees, we proceed in the same 

manner, except we use the multipliers in 

column 1, Table "A,** which are: 

For glass 32 

For wall 10 

For cu. ft. air 0.6 

It frequently happens that some room 
in the house is required to be kept at a 
lower temperature than others, say at 50 
degrees, while all others are at 70 de- 
grees. Without a proper rule the fitter 
can only guess — but by the use of this 
method, the radiation can be computed to 
a certainty. 

•Suppose a room similar to Room "C" 
has to be kept at 50 degrees when it is 
zero outside, the temperature difference 
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is 50 degrees, and we find the correct 
multipliers in column 3, as below: 

Glass 60 sq. ft. X 52 = 3,120 

Wall 240 sq. ft. X 10 = 3,840 

Cu. ft. air 2,250 sq. ft. X 1.0 = 2,250 

Loss in B. T. U. per hour 9,210 

For steam, divide by 240 = 38 sq. ft. radia- 
tion. 

For water, divide by 150 =» 61 sq. ft. radia- 
tion. 

Ratio for steam, 1 :59 cu. ft. air. 

Ilatio for water, 1 :37 cu. ft. air. 

INDIRECT HEATING. 

We will now suppose that room "C" 
must be warmed with indirect, and that 
the air will be changed four times per 
hour. Temperatures are, external de- 
grees, internal 70 degrees, temi)erature 
difference 70 degrees; temperature of in- 
direct radiator 215 degrees, the multi- 
pliers for glass, wall and cubic feet of air 
will be found in column 5, and the fig- 
ures will be as below: 

Glass CO sq. ft. X 72 = 4.320 

Wall 240 sq. ft. X 22 = 5,280 

<^u. ft. air 2,250 X 4 = 9.000 X 1.4 =12,600 

Ix>88 In B. T. V. per hour 22.200 

For steam, divide by 270 = 82 sq. ft. radia- 
tion. 

For water, divide by 170 = 139 sq. ft. radia- 
tion. 

Ratio for steam. 1 :27 cu. ft. air. 

Ratio for water. 1 :17 cu. ft. air. 

The figures for this room with change of air 
once per hour, warmed with direct radiation, 
are- 

Steam 53 sq. ft. 

Water 85 sq. ft. 

The indirect for four changes per hour, is - 

Steam 82 sq. ft. 

Water 130 sq. ft. 

or 55 per cent, more indirect than direct. 

It is customary to guess at the changes 
of air when using indirect radiation, and 
to add to the quantity required for direct 
from 50 to 75 per cent. The example 
given above will show clearly why it is 
necessary to use so much more indirect 
than direct radiation. Many i)eople are 
under the impression that indirect radia- 
tion is much less efficient per square foot 
than is direct, while, as a matter of fact, 
the very reverse is the truth. If direct 
radiation will emit 240 B. T. U. per 
square foot per hour when surrounded by 
air at 70 degrees and filled with steam at 
215 degrees, then an indirect radiator at 
a temperature of 215 degrees and receiv- 



ing the air at zero, ought to emit 355 B. 
T. U. per square foot per hour, because 
the emission of heat should be propor- 
tional to the difference in temperature 
between the air and radiator. 

In the foregoing example we have not 
given to the indirect radiator its full 
value per square foot, because of the well 
known fact that, due to the many imper- 
fect methods of installation, the eificiency 
of indirect radiation is often very ma- 
terially reduced. 

Now if the air changes six times per 
hour, there will not be enough radiation, 
as the item for cubic feet of air should 
read— 2.250 X 6 = 13,500 X 1.4 = 18.900. 
an increase in heat required of 6,300 B. 
T. U.. which, divided by 270 for steam 
equal 23 square feet, and by 170 for water 
equal 37 square feet, makes the total 
radiation 105 square feet steam and 167 
square feet of water, or practically 100 
Iter cent, more than is required for direct 
with one change of air per hour. 

We have dwelt at length on this sub- 
ject of frequent change of air, because 
of its vital importance in determining 
the proper amount of radiation for the 
differing conditions. 

The air in a room with very loose win- 
dows and an aspirating flue, with a strong 
external wind pressure, will change at 
least four times per hour, and if the ra- 
diation is figured for a change of air once 
per hour, the room will be cold, and if the 
man who has to "make good" knows di- 
rectly where to locate the trouble, much 
time and expense may be saved. 

A rule for comi)uting radiation may be 
formulated from the foregoing, which 
will be close enough for all practical pur- 
poses. 

To the square feet of exposed glass and 
sash add one fourth of the exposed wall, 
and divide the sum by 3. 



For one change of air per hour, which 
are the usual conditions, divide the cubic 
contents of room by 200; the sum of the 
two items will be the radiation required 
for low pressure steam. 

Example — Room 15 x 15 x 10. two windows — 
30 feet each- 60 sq. ft. Wall 300 less 60 = 
240 sq. ft. net. One-fourth of 240 is «0, which 
is added to the window glass, making 120 feet 



HOUSE HEATING BY STEAM AND WATER. 



23 



of glass. Divide by 3 and we have 40 sq. ft. 
of radiation required to replace the heat lost 
through glass and walls. 2250 cu. ft. divided 
by 200 gives 11 sq. ft., which added to 40 
makes 51 sq. ft. of radiation. 

This is for low pressure steam, to which 
add 60 per cent, for water heating appar- 
atus. 
The divisors may he tabulated thus: 
For low pressure steam and 70 deg. 
temperature difference between external 
and Internal — 

Glass, divide by 3 

Wall, divide by 12 

Air, divide by 200 (one change per hr.) 

or the following multipliers may be used, 
which give a little more radiation: 
Glass, multiply by.. .3 
Wall, multiply by.. .09 

Air, multiply by 006 (one change per hr.) 

Add 60 per cent, for water heating. 

The same results are realized for hot 
water radiation by dividing glass, wall, 
and air directly, thus: 

Glass, divide by 2 

Wall, divide by 7 

Air, divide by 120 

Above rules are good only for a tem- 
perature difference of 70 degrees. For 
other temperature differences, multiply 
the radiation derived from the rules 
given, by the following factors: 

30 deg. temp, dilference by .43 
40 " •• " " .58 

45 *• •• •' " .65 

60 *' *• *• •• .72 

55 " '• •' *• .79 

60 •* *• " '* .86 

65 •* •• •* " .93 

75 •• " " *• 1.08 

80 " ** •• •* 1.14 

90 " *' *• •• 1.28 

100 •• " '• '* 1.42 

Example — Suppose the a))ove rule gives 50 
sq. ft. to warm a given room where the tem- 
perature dilference is 70 degrees. I low n^uch 
radiation will be required to warm same room 
with a temperature difference of 30 degrees, 
and for a temperature difference of 90 degrees? 
Answer— 50 times .45 is 22.50, or 22^ 
sq. ft. for 30 deg. difference. 

50 times 1.28 are 64.00, or 64 sq. ft. for 90 
deg. difference. 

The change of air in a room is influ- 
enced to some extent by the proportion 
of cooling surface to cubic contents, and 
the heating contractor should make some 
allowance for same. 

If the cooling surface (glass and wall 
combined) is about 5 per cent, of the cu- 



bic contents, the air will change from 
that cause once per hour. If the cooling 
surface is 10 per cent, of the cubic con- 
tents, the air will change twice per hour. 
Thus if a room containing 2,400 cubic 
feet has 60 sq. ft. of glass and 240 ft. ex- 
posed wall; one fourth of the wall is 
equal to 60 ft. of glass, so the total cool- 
ing surface is 120 sq. ft., which is 5 per 
cent, of 2,400 cu. ft. of air. 

For high temperatures, such as hot 
rooms in Turkish baths, the same rule 
may be used. 

If the hot room is in a basement and 
the temperature is to be kept at 140 de- 
grees while the air in the adjoining rooms 
Is 80 degrees, there will be a temperature 
difference on the two sides of 60 degrees. 
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THE HOT ROOM IN A TURKISH BATH 

On this page we show the floor plan of a 
hot room in a bath house. The room Is 
20 feet by 15 feet by 10-foot celling. The 
temperature is to be maintained at 140 
degrees F. The air of adjoining bath 
room is 80 degrees, beyond the north wall 
is 20 degrees, beyond the west wall 60 de- 
grees, and above the celling 70 degrees. 

The loss of heat per square foot of sur- 
face per hour for a temperature difference 
of one degree F. will be for the different 
walls, as follows: 

18 Inch stone wall 0.25 B. T. U. 

4 inch wood wall 0.15 B. T. U. 

Ceiling O.IT) B. T. U. 

As the air will be changed four times 
per hour, if it enters at 80 degrees and is 
raised to 140 degrees, it must be warmed 
through 60 degrees of temperature, and 
as one B. T. U. will raise the temperature 
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of 50 cubic feet of air one degree (ap- 
proximately), then 60 B. T. U. will raise 
50 cubic feet 60 degrees, and we obtain 
the multiplier for the air by dividing 60 
by 50p which gives us the factor 1.2. 

There are 3,000 cubic feet of air in the 
room, which will change four times per 
hour, then 3,000 X 4 X 1.2 gives the heat 
required in B. T. U. which is 14,400 per 
hour. 

If the steam pipes are at a temperature 
of 240 degrees, the air being 140 degrees, 
each square foot will emit 200 B. T. U. 
per hour, which gives us the divisor for 
the loss of heat. 

The 38-lnch wall will have a tempera- 
ture difference of 120 degrees on the north 
side and 80 degrees on the west. The 
wood walls will have a temperature dif- 
ference of 60 degres, and the ceiling a 
difference of 70 degrees. 

From this data we obtain the follow- 
ing multipliers: 

18- Inch wall -North 0.25 X120 = 30 

18-inch wall— West 0.25 X 80 = 20 

Wood partition 0.15 X 60 = 9 

Ceiling 0.15 X 70 = 10.5 

Cu. ft. of air = 1.2 

We then take the measurements of the 

room and compute the pipe required, as 

follows: 

Sq. ft. Multiplier B. T. U. 

North Wall 200 X 30 = 6.000 

West wall 150X20 = 3,000 

Wood partition 360 X 9 = 3,150 

Ceiling 300 X 10.5 = 3.150 

Cu. ft. air 3.000X4X 1.2 = 14.40i 

Total heat loss per hour in B. T. H.. 29,700 
Divide by 200 = 148 sq. ft. of pipe. 

Of this quantity of pipe 72 square feet, 
or about one-half, is required to warm the 
incoming air. 

The ventilating flue to carry off the air 
fast enough to insure a change four times 
per hour, should have an area of 144 
square inches. 

It is a good plan to have the fresh air 
enter near the ceiling and leave near the 
floor line. 

It will be plain to all who have followed 
what has been set forth that from what has 
been said that the oftener the air is 
changed the greater will be the quantity 
of radiation required, and a little figuring 
along these lines beforehand may save 



a lot of future trouble and expense to the 
contractor or owner. 

In chapter 2, page 15, referring to the 
2 — 20 — 200 rule for computing radiation 
required for low pressure steam heating 
apparatus, it is stated that where the 
glass and wall surface are of unusual 
proportion, or where the difference is 
other than 70 degrees, the rule has no 
value. 

Let us suppose that the room C — 15 x 

15 X 10 — has 200 sq. ft. of exposed glass 

and 100 sq. ft. of exposed wall, with one 

change of air per hour: 

200 sq. ft. of glass 1 :2 100 sq. ft. 

100 sq. ft. of wall 1 :20 5 sq. f t. 

2250 sq. ft. of air 1 :200 11 sq. ft. 

116 sq. ft. 

By transmission we get, 
200 sq. ft. of glass x 72 equals 60 sq. ft. 

240 
100 sq. ft. of wall z 22 equals 9 sq. ft. 

240 
2250 cu. ft. of air z 1.4 equals 13 sq. ft 

240 82 

In this instance, the 2—20 — 200 rule gives 
40 per cent, too much radiation. 

Again figure the same room where the 
air changes four times per hour — 

2-20-200 Transmission 
Rule. Rule. 

Glass, 60 sq. f t 30 18 

Wall, 240 sq. ft 12 22 

Air, 2250 cu. ft 11 52 

53 sq. ft. 92 sq. ft. 

Here the 2 — 20 — 200 rule provides only 
57.5 per cent, of the required radiation. 

Again suppose a dry goods store is to 
be warmed by steam (see floor plans. 
Pig. A ) ; the shelves are fllled with goods 
of all kinds — woolens, cottons, etc. The 
windows are double; that is, they are 
arranged for show windows and are 
closed off from the store by glass doors. 
The store is 40 feet wide, 80 feet deep to 
rear partition and 16 feet from floor to 
ceiling. The rear portion used for offices 
is 40 X 15 X 16 ft. ceiling. Glass, wall and 
cubic contents are as follows: 

MAIN STORE. 

Glass 700 sq. ft. 

Wall 2,560 sq. ft. 

Cu. ft. space 51.200 sq. ft. 
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In the rear offlce there are of 

Olui 144 aq. rt. 

W«ll eT« sq. ft. 

Co. n. at ipace 9,600 aq. ft 

Figuring the Z — SO— 200 nile, we have 
for the main store — 

Radii I [on 



OUn . 



,. TOOiq.ft. 
.. 2.560 sq. It. 

..21,200 CI). It. 



35(1 » 



.ft. 



Wall 2,560 aq. ft i 11 IIT >q. ft 



Co. ft ■pace...Gl,200W|.rt. I 1.4 SOOaq.tt 

240 G22 iq. ft 

Total radiation lor main atore. S22 sq. f t 
REAR OFFICES. 

144 aq. (t i 72 equals 43 



070 Hq. ft X 22 cqliaLa 90 

240 



Total radiation required tor low 

preainre iteam 003 aq. ft 

And tor water 1.444 aq. ft 

Now, Inasmuch as there are double 
windows, the loss of heat will be 36 In- 
fAead of 72 B. T. U. per aq. ft. per hour, 



240 



squats 56 180 aq. ft 
771 aq. ft 



Total radiation rpqulred tor low 
preaaure aleam heating and tor 
water l.lBSaq. ft 

In this store, the 2—20—200 rule gives 
kn excees of radiation in the main store 
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FIGURE A-SHOWIMG FLOOR PLAN OF THE DRY GOODS STORE 



and as the walls are protected by the 
goods on the shelves. It U fair to aaBume 
that the loss of heat will not exceed half 
that of a bare wall. For the cubic apace. 
we assume one change of air per hour. 
The main store will figure thus, by trans- 
mlsaioD ; 

Radiation 
Olaaa lOOsq.ttx SO 105 aq. f t 

240 



of 40 per cent, and a deficiency in the - 
rear oKce of 12 per cent. 

We have assumed that the air In the 
store would change once per hour but 
unless there were special ventilators to 
move the air. It would not be likely to 
change ortener than once In two hours. 
In which event only 150 sq. ft. is required 
to warm the air, making a total of S6] 
sq. ft. 



CHAPTER IV. 

ESTIMATING MATERIAL AND COSTS FOR STEAM AND WATER HEATING APPARATUS. 



ESTIMATES .—The novice in 
steam or water heating usually 
finds some difficulty in correct- 
ly estimating the cost of a heat- 
ing apparatus and learns slowly by ex- 
perience and losses. It is not, however, 
a difficult matter to make a close estimate 
of the cost of any house heating job, and 
a few practical hints along that line may 
be helpful. The fitter should always have 



a supply of data and estimate blanks on 
hand, so that in making his estimate of 
cost, nothing may be left out, and besides 
such data is very useful for reference. A 
very good form is shown on this page. 
After the amount of radiation has been 
determined on the data blank, the quan- 
tity and price for each kind and height is 
entered on the estimate sheet. We give 
below the form for data sheet: 



DATA SHEET. 



Owner 



HEATING CONTRACTOR, 



, Size of Chimney Flue 



Building Material 

ApparatUH. kinds Date , 190 , 

Height of CVIlIni? , Basement 1st Floor 2d Floor 3(1 Floor . . 

Temperature, rooms 



Running Number 
Size Feet and Size 

of Exposed of 

Room. Exposure. Rooms. Wall. Windows. 



'tem 





Cooling 








Surface 








Glass Plus 


Radiation 




.Air 


H Exposed 


Direct 


Radiation 


{pace 


Wall 


Sq. Ft. 


Indirect 


u. Ft. 


Sq. Ft. 


Steam. Water. 


Sq. Ft. 



6 



8 



Note- -Item 1 denotes point of compass. Deduct the window openings from square feet of 
exposed wall ; add V4 net square feet of exposed wall to square feet of exposed glass ; then 
divide Item 5 by 200 and Item C by 3, the sum of the two is the direct radiation required 
for steam at 2 lbs. pressure when the temperature difference between internal and external is 
70° F. For water add 60 per cent. ; add for Indirect from 50 to 75 per cent. 
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Then enter Ihe name, number, rated 
capacltr, and net price of botler. 

Tbe next Item, pipe and fittings, la a 
guess, unless piping plans are made, and 
few care to go to that expense In estimat- 
ing. Tbe cost at the pipe and fittings will 
be In proportion to tbe quantity of radla- 



75 feet would cost about as mucb as 
would tbe pipe and fittings tor twenty ra- 
diators within a radius of 40 feet. 

At present - prices (190G) a close esti- 
mate of the cost of the pipe and fittings 
for any given Job Is 10 cents per sq. ft. of 
the radiation In a water Job. Thus 800 



COST SHEET. 

HEATING CONTRACTOR. 

OwDer'i Name and Addren 

Apparalua. kind Date 1»0. . 



r and Celling Plalei, t 



. Boiler, Capaclt;, 

. Bolter Pan (where boiler sets below gewer), 
. Bailer TrImmlDga, t Speelal Qratea, S 

. Brick Work. 
>. Smoke Pipe. 

1. Direct Badlatlon. per »q. ft.. 
. Indirect Hadlntlon. per eq. fl.. 
:. Low and Curved RadlatlOD. east, extra per ( 
I. Bad. Valves, per Bad., | : Air Vslvea 

I. UdIod Ella, per Bad., t : 

. Pipe and Plttlnga. per Bad. t 
!. Floor Sleeves. * : Radiator Boards, f 

I. EipanalOD Tank. 

L Tbermometer, ) ; Altitude Gauge, | 

>. Beglsters for Indirect. 
I. Gate Valvea fat msloa or rlaera. 
r. pipe caverlng. applied, per aq. ft. o[ radiation, 
t. Boxing iDdlreets and Air DucCi. Labor aod b 
I. Decorating Radiators, cents aq. (t., 

>. Freight, $ ; Tranaportallon. ( ; Drajage, f 

I. Labor, niters and local car fare, per Bad., I 
I. Labor. Carpenters and local car (are. per Rad.. g 

'.. Carpenter Work | 

I. Hen's board and ttanaportatton 

I. Net Cost Labor and Material, 

>. Coat of doing tiuBlneaa, rent, tales, etc.. 

I. Net Front. 



a aelUng price : ZS per c< 



tlon and the numbers of radiators. One square feet of radiation, at 10c. per foot. 



thousand square feet of radiation divided 
Into ten radiators will take less pipe and 
fitting than will one thousand square 
feet divided Into twenty radiators. 

On the other hand, the pipe and fittings 
for ten radiators spread over a radius of 



o Job figure 7c. per foot 
which Is (56 for 800 



Is 180. 

of the radiation, 

square feet. 

After a few jobs have been done In a 
given locality, and an accurate account 
kept of the costs of the various parts. It 
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will be found an e&ay matter to eatimate 
very closely the cost of pipe and Dttlnge 
on all ordinary houee heating after Ihe 
data has been obtained. The next Item is 
radiator valves, union ells, air valves and 
floor and ceiling iilutes. These should be 
estimated at so much per radiator and 
the average will be close to fl.SO per ra- 
diator. Of course If the radiators are 
connected according to the manufactur- 
ers tapping I let for water, the above 
amount will not cover the cost, but In 
water heating It Is seldom necessary to 
use a vatve larger than one Inch, though 
the branch pipe leading to the valve may 
be ]'/* Inch or IV.. Inch. 

The next item is the drain and feed 
cock, and here we require tbe best that 
can be had. Never use valves for this 
purpose; obtain a ground plug or steam 
cock, tbe best that can be purchased. It 
will prove less expensive in the end. 
These will vary In size from '^i Inch to 
2 Inches, and the cost can be easily ol> 
tained. Water lioilers are, as a rule, 
shipped without cocks 

The expansion tank should be of ample 
size and selected according to the Uible 
given in Chapter VI. The smoke pipe 
should be of 16-gage black iron; light gal- 
vanized iron does not last long in base- 

Decorating radiators and painting 
pipes can be done in most sections of tbe 
country at a coat of l',4 to 2 cents per 
square foot of radiation. The Item of la- 
bor Is not BO eiislly estimated because of 
the wide range in the capacity of differ- 
ent workmen and tbe facilities for doing 
tbe work. It costs much more for labor 
to Install a 12 radiator Job in a resldeace 
that Is under construction, where the 
work has to be done In Installments, than 
In a building where the work can be fin- 
ished In one trip: so will the labor of In- 
stallation In a fine residence be much 
greater per radiator than It would be In 
a less pretentious house. Where the work- 
men measure, cut and fit all tbe pipe on 
the premises. It will take a good man and 
helper about 1% lo I'f. days to each radi- 
ator to finish a water heating job com- 
plete, except decorating; that is, a 12 ra- 



diator water job should be done InsidB] 
of fifteen or eighteen days and a 12 radi»- I 
tor steam job should be done In about ] 
ten days by one man and one h 

There should always be a piping plan ] 
made of tbe Job and the work should b« ] 
laid out very carefully, taking ( 
proportion each part so the circulation oC'| 
the water or steam will be ever 

It la possible, and practical, to measure 
up a building, lay out the piping, and 
then go over tbe bulldiag a second time 
with the plana and take meaaures for 
every piece of pipe la the building; this 
being done, all the pipe can be cut and 
fitted In the shop by low priced labor, and 
then taken to the building with tbe bolter 
aud radiators, where the different parts 
can be assembled in short order. By this 
method the labor Item can be cut In two. 
A stray fitter here and there, who la into 
this scheme, baa bla competltora on the 
run and wondering how he doea it. The 
tact Is. the labor item In house heating la 
abnormal and can be greatly reduced with- 
out Injury to the labor market, for with 
the cost of labor largely decreased, there 
will be an Increased demand for heating 
apparatus of real merit. 

Too many of the established steam 
ting shops depend wholly on their t 
to lay out the work. They arrive at the 
amount of radiation and boiler In some 
way, and sending a load of pipe and fit- 
tings to the building tell the fitter to put 
it in the best way he can. 

It 1b safe to aay that under these condi- 
tions, the fitter spends half his time wall- ' 
ing for fittings and changing connections, 
and when the job is in who knows wheth- 
er It will work until it is tried? We fre- 
quently hear contractors complain that 
the workmen get all there is in it, but 
that is often their own fault for follow- 
ing such slipshod methods. 

There is no excuse for the workman 
to-day to cut close, or right and left nip- 
ples on the Job when the nipples can be 
bought at the supply house for a mere 
fraction o( the cost of making them. 

Another Item of expense to the con- 
tractors Is poor tools. The tongs, atilson 
wrenches, and cutters, should be looked 
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over and put in good condition after the}' 
come into the shop from each job. 

In finished and furnished houses, the 
risers are Often run exposed and a care- 
less workmen will often cause his em- 
ployer a lot of expense by breaking plas- 
ter and tramping it over the carpets. 

The proper thing to use in such cases 
is a large drop cloth, such as painters 
use, which is simply a few yards of cot- 
ton sewed together and spread on the 
floor underneath the place where the cut- 
ting is done. To cut the hole in the plas- 
ter ceiling, use a pair of sharp pointed 
dividers with set screw. This will cut 
the plaster out in a clean, round disk. 
Cut the lathes with a very fine and very 
sharp key hole saw. If a coarse toothed 
saw is used it will cause a vibration that 
will be likely to crack the plaster. If a 
lath is loose, hold something against it 
while sawing. A little care taken in cut- 
ting the holes in the ceiling will save a 
large and needless expense when finish- 
ing. 

Always use a fioor sleeve long enough 
to reach from the ceiling to the floor 
above with a margin for turning over 
onto the floor; put a flange on the bottom 
to draw up against the plaster, which the 
ceiling plate will cover. Notch the upper 
end of sleeve, and flange to floor, which 
flange will be covered by the floor plate. 
These sleeves can be made of rooflng tin 
or light sheet iron. They should be made 
large enough for the pipe to pass through 
freely and the hole should be cut large 
enough to accommodate the floor sleeves 
without forcing them to place. It is best 
to use ceiling plates which fasten with 
a set screw, as they are not so apt to slip 
down. Always arrange to have a little 



spring on the arm piece at the bottom of 
the riser so the expansion will be taken 
care of. If the riser is rigid at the bottom 
the expansion will be at the top and drive 
the plate against the ceiling, breaking the 
plaster. Where pipes run under floors, 
and where the arms run from the main 
to the foot of risers, there must be enough 
pitch to compensate for any expansion 
and for the settling of the building. In 
new buildings, it sometimes happens that 
the job will work all right the first sea- 
son and give trouble the next owing to 
some part of the house settling and trap- 
ping the pipes. 

A short time ago, an experienced heat- 
ing engineer made a heating plan for a 
small overhead water job. The work was 
installed by men of limited experience, 
and when completed every radiator heat- 
ed except one line which carried two ra- 
diators — these radiators remained cold, 
when the water was at boiling point. The 
workman at once said the pipe was too 
small, and taking out the horizontal part 
of it in the basement, ran it a size larger. 
This did no good; they then said the riser 
was too small, but the owner sent for the 
man who made the plan before tearing 
out any more pipe. 

The heating engineer said at once that 
the pipe was either plugged or air trap- 
ped in the attic; the latter proved to be 
true. 

The workman had for some purpose 
placed a board under the outer end of 
the arm, which elevated it a little more 
than the diameter of the pipe, causing au 
air trap which effectually prevented the 
water passing. When the board was re- 
moved and the riser straightened out, it 
worked as well as any of the others. 



CHAPTER V. 

riPlXG FOR STEAM AND WATER UKATING APPARATUS. 



THERE are several methods of 
piping for both steam and wa- 
ter heating. In water heating 
the system most in vogue is the 
flow and return carried side by side near 
the ceiling joists in the basement, the 
mains pitching up from the boiler, and 
the branches pitching up from the mains 
to the radiators or risers. 

In another system the flow main is car- 
ried near the basement ceiling, while the 
return is carried on the wall near the 
fk>or, and sometimes is carried back to 
the boiler under the floor in trenches ar- 
ranged for the purpose, with wood or cast 
iron removable covers; or the flow main 
may have its highest point where it rises 
from the boiler, being air vented at that 
point, and pitch down from the boiler to 
its furthest point, where it drops to the 
floor and connects with the return, mak- 
ing a continuous circuit from the top of, 
and back to. the bottom of the boiler, the 
return risers dropping to the return main. 

In the one-pipe circuit system, the main 
is taken from the top of the boiler and is 
carried around the basement overhead 
until it reaches the boiler, where it drops 
and is connected to the return. In this 
system the high point is where the main 
rises from the boiler, and the flow branch- 
es are taken from the top of the main 
while the returns enter on the side. This 
system is employed very often. 

Then there is the overhead system in 
which the main flow pii>e rises to the at- 
tic where the mains are distributed, and 
from which the risers drop to the base- 
ment and are there connected to the re- 
turn main. In this system it is usual to 
connect the radiators at the top and bot- 
tom to one riser, which does very well in 
buildings of two or three stories. 



In all overhead work, however, the best 
results are obtained by running separate 
returns from the radiators, as we get a 
more even distribution of the heat on the 
different floors than is possible where the 
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FIG. 3-FIRST FLOOR PLAN LOW PRESSURE 
HEATING STEAM APPARATUS 

flow and return water occupy the same 
rising line. 

The overhead system is best adapted to 
city built fiats where the only exposures 
are front and back of the building for the 
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reason that the pipe lines can be run to 
the extremities of the building and the 
hot water delivered at the cold points 
first The lines for the middle of the 
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FIG.4-BASEMENT PLAN SHOWING PIPE LINES 
IN ONE PIPE SYSTEM 

house and the protected rooms can then 
be run back so that the coldest rooms will 
be the first to heat and the last to cool 
down. 

An illustration of these different meth- 
ods of piping will be shown in another 
chapter. 

In low-pressure steam heating there are 
two general systems in use, known as 
the one-pipe and the two-pipe systems. 
The one-pipe system is employed almost 
exclusively west of New York State, while 
the two-pipe system seems to have the 
preference in some parts of New Eng- 
land. If a one-pipe job is properly pro- 
portioned and dripped at the necessary 
points it will give as good results as can 
be obtained from any two-pipe work, with 



the advantage of but one valve to man- 
ipulate on the radiator instead of two. 

In Fig. 3, which is the same floor 
plan at Fig. 1, page 13, we show the 
amount of radiation required for a low- 
pressure steam heating plant figured ac- 
cording to the rule described in a former 
article. 

In Fig. 4 we show a basement plan with 
boiler, piping and indirect stack. This 
is a one-pipe system with the exception 
of the indirect, which has a separate re- 
turn to the boiler, owing to the fact that 
this radiator will condense a great deal 
more steam per square foot than will the 
direct radiators. 

The writer believes that too little at- 
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FIG. 5-PLAN ARRANGED FOR HOT WATER 

HEATING 

tention is given by the great majority of 
heating contractors to what may be called 
"the refinement of steam heating." The 
public have an idea that hot water heat- 
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ing is unquestionably the best thing for 
residence work, because of their experi- 
ence with office heating. If, however. 
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FIG. 6-SAME AS FIG. 3. EXCEPT ARRANGED 
FOR HOT WATER HEATING 

they make the comparison with the mod- 
ern practice of office heating where a 
vacuum system is employed, governed by 



thermostatic regulation, the verdict 
would be in favor of vacuum steam heat- 
ing; it will only be a short time before 
a refined system of steam or elastic 
water vapor heating will largely take 
the place of hot water heating, in dwell- 
ings, for the reason that the radiators 
take up much less room in the house the 
work can be done at a much less cost and 
the danger of leaks is entirely eliminated. 

In Figs. 5 and 6 are shown the same 
set of first floor and basement plans ar- 
ranged for a hot water heating apparatus. 
The radiation is obtained by adding 60 
per cent, to the radiation required for the 
low-pressure steam plans. 

The flow main is run near the ceiling, 
the return near the floor on the wall, and 
all the returns from the radiators are 
dropped to the return main, and enter the 
side of the main. 

This is done to prevent the return wa- 
ter from a small radiator flowing along 
the return main, entering the return of a 
larger radiator and checking the circula- 
tion. This frequently occurs and gives 
the fltter at times a great deal of trouble. 

The chimney flue for an apparatus of 
this size should be 40 feet high from the 
boiler grates to the top. The area, if 
round and smooth, should be 70 square 
inches; if square, the area should be 100 
square inches. 

The boiler for this apparatus should 
be round with free flues. It should have 
about 3 square feet of grate area, 54 square 
feet of heating surface, and the fire-pot 
should be deep enough to contain 180 
pounds of anthracite coal. 



UJXAPTER VI. 

II'ING FOB WATER U EATING APPARATUS. 



IN II water beating apparatus, an ex- 
pansion tank must be provided and 
placet! above the highest radiator. 
The volume of water Increases 
with the temperature, and the tank fa to 
take care of this Increase In volume. 

It Is usual to figure that the Increase 
is about i per cent, and making a rough 
guess of the number of gallons contained 
In a given apparatus, select a tank a 
little larger than the supposed requlre- 
meats with the results that the tanks 
so selected are often too small. The 
sizes given in the following table are 
larger than are usuallr recommended but 
none too lai^e to meet all conditions. 
Bq. U. of CipiDalon Tank. 

KadlatloD. Capacit; In OalloDB. 

800 IB 



3,000 100 

If the tank is placed In a room where 
there Is no danger of the water freezing, 
it is Bufllclent to connect the tank with 
1-inch or %-lnch pipe to the nearest re- 
turn. If the tank or the pipe leading to 
It should freeze the expansion of thi! 
water would burst some part of the ap- 
paratoB, and to prevent this, run one pipe 
to the nearest flow and one from the 
nearest return and connect under the 
tank. 

The overflow ahould be run back lo 
a drain or sink in basement and a small 
vent pipe carried from the top of tank 
Into a ventilating stack or chlmner: &b 
the vent pipe is to prevent sypbonage. It 
is not good practice to run tt outside as 
Is frequently done, as It might fill with 
snow and Ice. 

The overflow pipe should not be run to 



bathroom tank as Is sometimes done, be- 
cause of the llabllltr of the water boil- 
lag and steam escaping Into the room. 

Pig. 7 shows how the tank should be 
arranged to prevent freezing. 

Fig. 8 shows a very common method 




FIG.7- 



of connecting, Brst and second floor radi- 
ators and the trouble that frequently oc- 
curs from such practice. 

In the example shown, the first floor 
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radiator contains 100 square feet, the 
second floor 60 square feet. Now as the 
piping is arranged, the upper radiator 
heats first, and the water returning from 
it enters the return main at the top and 



the return water from the small radiator 
would he likely to enter the return riser 
and stop the circulation in the upper 
radiator. 
The remedy is to keep the return water 
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HG. IQ-METHOD OF RUNNING MAINS AND BRANCHES WHICH FREQUENTLY CAUSES TROUBLE 



naturally creeps along the top of the main 
toward the first floor radiator, because 
the main inclines upward in that direc- 
tion, and circulation toward the boiler 
has not yet been established. The large 
radiator has not had time to heat through- 



from the small radiator in check until 
circulation shall have been established in 
the large one. 

This is best accomplished by taking the 
flow riser for the small radiator out of 
the side of main and connecting all re- 
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FIG. U— SHOWING WHERE THE BRANCH IS TAKEN OFF AND THE MAIN IS CONTINUED IN A 

REDUCING ELL. AN IMPROVEMENT OVER FIG. 10 



o«t Its length before the return water 
from the second floor enters its return 
end and blocks the regular fiow, preyent- 
Ing the radiator from attaining its nor- 
mal temperature. If the small radiator 
were below and the large one above, then 



turns into side of return main. See 
Fig. 9. 

Another method of running mains and 
branches which frequently causes trouble 
is shown in Fig. 10. 

Here the main reduces from 2-inch to 
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1%-inch and as the first radiator branch 
is taken off the top, the radiator on the 
end of the line will remain cold until 
the water is at a very high temperature. 
If an eccentric tee were used it would 
help some, but a better way is shown in 
Fig. 11, where the 1%-inch branch is 
taken oft 45 degrees and the 2-inch main 
is continued to a reducing ell 2 x IVj 
inches. The reducing ell can look up 



and the 1%-inch pipe be carried as far 
as desired with the assurance that it will 
receive its quota of heat at any and all 
temperatures. 

One of the requirements of a good 
water heating job is that all the radiators 
shall heat evenly when the initial tem- 
perature is 120 degrees, but if this test 
were generally applied, many jobs would 
fail to make good. 



CHAPTER VII. 

OVERHEAD SYSTEM FOR WATER HEATING APPARATUS. 



FIG. 12, pn page 38, shows a flat 
building piped for an overhead 
water heating apparatus. The 
sizes given for the various ra- 
diators are not proportioned to any given 
room, but show the relative size for 
each floor. As the water is carried to 
the attic first, the hottest water will be 
delivered to the top floor, but as the top 
floors will lose heat faster than the lower 
floors, owing to the cooling action of the 
roof, we give that floor nearly as much 
radiation as the second floor, but increase 
on the flrst floor, where the water is 
coolest. 

The radiators attached to riser No. 1 
have a separate return, which is unques- 
tionably the proper way to connect radia- 
tors on overhead work, because of the 
more equal temperature of the water in 
the line. 

All the other radiators are shown con- 
nected up to one line, which is the usual 
method. 

Radiator A is shown connected to the 
main riser, simply to show what can be 
done in an emergency, such as a bath- 
room radiator where the main riser runs 
through the room. A radiator so con- 
nected will heat all right, but, of course, 
it should only be appHed to one or two 
small rooms. 

The feed pipe to top of radiators is 
taken off the riser so as to get a swing 
joint, and the returns are taken off under 
the floor, and rise to the radiator valve. 
This is done to avoid rigid connections, 
which are very difficult to make, as those 
who have tried them can testify. See 
details. Fig. 13. 

In the attic, we connect first to the 
front line and then run back and connect 
up the center lines. In this way we get 
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the heat flrst and last where it is most 
needed. 

The expansion tank should be of extra 
size; 100 gallons is none too large, as we 
require a good reservoir of water in the 
attic, and only half of the tank can be 
fllled with water if laid on its side, which 
is the usual method for want of space. 

The overflow should be run to a con- 
venient sink in basement, and a vent pipe 
to a stack in attic. 

If it is desired to put a little pressure 
on the job, this can best be done by 
placing a good safety valve on the over- 
flow pipe in attic and running a chain or 
strong copper wire, from the valve to 
basement over a pulley, so that pulling 
on the wire will lift the valve, and allow 
the air to escape. If this is done, there 
is no need of the %-inch vent pipe. A 
pan should be placed under the safety 
valve to catch any leakage or splash of 
water. When the apparatus is arranged 
in this way, it is only necessary in flling 
to raise the safety valve, turn on the 
water pressure, and when it flows at the 
overflow pipe, the entire apparatus will 
be filled. 

One of the advantages of the overhead 
system is that the air is taken care of 
automatically. 

Another important feature is rapid cir- 
culation, which returns the water to 
boiler with the minimum loss of heat. If 
the water returns to the boiler 40 degrees 
below the outgoing temperature, more 
fuel will be required to restore the lost 
heat than where the difference is only 
twenty degrees. 

In regard to the piping, the main flow 
pipe will easily take care of double the 
radiation in overhead work that it will 
in basement piping. 
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The totlowlng table ie based on good 
practice In overhead water heating, and 
glvee the quantity of radiation In square 
leet that can be attached to the varlons 
sixes of pipe. 

Ualu Rlocr Drop Riser Drop Riser 

rrom boiler. SIhkIc. Separate Return. 

%" 26 60 

1- 80 lao 

lit- 120 200 

114* 8W 200 8M) 

2" 600 *00 800 

214* 1200 7B0 1200 

3" 2000 1000 

3*4" 2600 

4" 3B0O 



7- 12000 
8" 15000 

When the main riser Is carried to the 
attic. It is a good plan to connect It to a 
piece of large pipe, which acts ae a reser- 



belng of equal area to the main riser, see 
sketch, Pig. 15. Pig. 16 Is taken from 
actual practice, where the plant haa been 
In successful operation for seven years. 
The starting pipe shown In detail in 
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no. 13-DKTAlL OF RADIATOR CONNECTIQNS 

OH OVZRHIAD WORK. TO AVOID 

RIGID JOINTS 

voir, and from which the horizontal lines 
ma; be mn ; In this way It is safe to take 
three pipes from the reservoir, each pipe 
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rlG. I4-DETAIL OF STARTING PIPE 

Fig. 1* is very Important where there are 
radiators oa same level as the boiler. 
The object In using this pipe Is to heat 
and consequently lighten the water In the 
pipe which rises from the floor to boiler 
return. This lift is usually IS Inches to 
24 Inches, and, being the coldest and 
heaviest column of water In the ap- 
paratus, retards the easy flow of the 
water in that line, and as a consequence 
the lower half of the basement radiator 
is likely to be away below normal tem- 
perature. 

All branches in attic must be taken out 
of side and pitch down, so there shall be 
no air traps. 

Boilers for water heating apparatus 
should have thin waterways, though 
such boilers are not easily obtained, as 



40 



HOUSE HEATING BY STEAM AND WATER, 



than are desirable for water heating only. 
The radiation attached to boiler in Fig. 
11 is 1,800 square feet; adding 20 per 
cent., which will cover the piping in over- 
head work, gives as the boiler load 2,160 
square feet, for which we require a boiler 
and stack of the following proportions: 
Heating surface In boiler (CO per cent, dl- 
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FIG. 15-DETAIL OF CONNECTION AT C. FIG. 12 

root). Uutlo: 1 sq. ft. heating surface to 10 
Kq. ft. of mdiatlon. requiring 135 sq. ft. of 
hoatlng surface. 

Grate surface, ratio: 1 sq. ft. of grate to 
IS Hq. ft. of healing surface, requiring 7.5 
stj. ft. of grate. 

Fuel capacity, anthracite coal, 500 pounds. 

An»a of round chimney, GO feet high. 154 
square inches. 

Scpiare chimnpy GO feet high. 14"xl4", or lOG 
s«|uare Inches. 

The fuel capacity is computed by as- 



suming that there will be fair combus- 
tion and that in the most severe weather 
the radiation and piping will be main- 
tained at a mean temperature of 170 de- 
grees, and that the surrounding air will 
be 70 degrees Faht.; under such condi- 
tions one pound of anthracite coal of 
good quality will take care of 5.4 (five 
and four-tenths) feet of radiation for 
eight continuous hours and, as we have 
2,160 feet attached to the boiler, 400 
pounds will be consumed in eight hours, 
and for a reserve 100 pounds is not too 
much. Therefore, the boiler should have 
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FIG. 16 -SKETCH OF MAIN RISER AND ATTIC 
MAINS OF LARGE WATER-HEATING AP- 
PARATUS IN SUCCESSFUL OPERATION 

500 pounds hard coal capacity. If the 
radiation is run at 150 degrees mean 
temperature in 70 degrees of air, the coal 
consumption for eight hours will be 322 
pounds, and if at 120 degrees it will be 
240 pounds. In the Northern States from 
one to one and a half tons anthracite coal 
will take care of 100 square feet of water 
radiation for the season of seven months. 
The apparatus described in this chapter 
should run through the season with less 
than 25 tons anthracite coal. 



CHAPTER VIII. 

PLANS OF A SUCCESSFUL OVERHEAD WATER HEATING APPARATUS IN A THREE-STORY 

APARTMENT BUILDING. 



FIGURES No. 17 to 21 are base- 
ment, attic and floor plans o£ a 
flrst-class, modern apartment 
building. 

This is a detached building fronting 
south. It is well built, of brick construc- 
tion. 

The building is heated with hot water, 
circulating through an overhead pipe sys- 
tem. The basement is 8 feet in the clear; 
the first, second and third floors are 10 
feet in the clear, and the attic is 7 feet, 
on an average. 

The attic was provided for the double 
purpose cf storage and to provide ample 
room for the overhead system of piping. 
As the rooms are all drawn to scale, those 
who are interested can flgure them up 
and determine for themselves the ratio 
of radiation to space. The entire radia- 
tion in the building is 3,332 square feet 
of direct and 150 feet of indirect, all lo- 
cated as shown on the plans. The flow 
and return pipes, together with the risers, 
amount to 816 square feet, giving a total 
of 4,298 feet for which we have to pro- 
vide boiler power. 

There are two round boilers used, each 
of which has a flre chamber, of 38 
inches lllameter. giving 7.8 square feet of 
grate. Tke outside diameter of the heat- 
ers is 45 Inches, and the total height 68 
inches. The rated capacity of each of 
these boilers in the maker's catalog is 
2.400 square feet. 

Starting at the basement, the two boil- 
ers are cross connected with 4-inch pipe. 
These two 4-inch pipes, one from each 
boiler, are connected to a 4-inch main 
riser, which runs to the attic and carries 
all of the radiation with the exception 
of 150 square feet of indirect. That is, 
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this 4-inch riser has attached to it 3,332 
square feet of cast iron, hot water radia- 
tion. The area of a 4-inch pipe is 12.5 
square inches. The combined area of the 
branches taken from the main in the attic 
is 34 square inches. The combined area 
of the valve openings into all the radia- 
tors is 36 square inches. It will thus be 
seen that the 4-inch riser which carries 
the radiation is only about one-third the 
combined area of the branches or radiator 
openings. We call particular attention to 
this because so many writers, and some 
architects, persist in specifying that in 
water heating apparatus the area of the 
main shall be equal to the combined area 
of all the branches. In this particular 
installation, this would have called for a 
7-inch main riser as the nearest commer- 
cial size. This, again, would have in- 
creased the size of all the mains and 
risers unnecessarily, and added very ma- 
terially to the cost of the apparatus. 

The heating apparatus was installed in 
this apartment building in the autumn 
of 1894 and has, therefore, been in use 
for many seasons, and during that time 
the only expense incurred was the cost of 
some grate bars for the boilers. No 
change whatever was made in any part 
of the radiation or piping. 

The owner of this building is very par- 
ticular, and in the specifications was em- 
bodied an agreement that there should 
be held back from the contractors $200 
until the apparatus had been tested 
through the months of January and Feb- 
ruary. During this period it was stipu- 
lated that the apparatus should be capa- 
ble of keeping the temperature of each 
and every room, including the kitchens, 
at 70 degrees during the coldest weather. 
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FIG. 17-BASEMENT PLAN. APARTMENT BUILDING OF WELL PLANNED OVERHEAD SYSTEM 
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During ihat trial the thermoiueler was 
10 or 12 degrees below zero on two or 
three dilTerent occaslone, but the build- 
ing was so easily kept warm that before 
the end of the stated period the money 
was paid to the contractors, and the 
owner expressed himself as thoroughly 
pleased with the entire apparatus. 

We mention this point simply to prove 
that the proportions of piping, as shown 
on Ibe beating plans, are of sufficient size 
for the apparatus. 

The capacities of the risers are as fol- 
lows: The 2-inch risers, dropping from 



The expansion tank In the attic is 
nected In a. somewhat unusual i 
The tank has a capacity of sixty gallons, 
being unuaually large, and is used with- 
out an overflow pipe. As will be seen by 
the drawing, it is provided with a special. 
auiomaiic valve, which Is set about tiie 
middle of the tank. In filling the appa- 
ratus, as the water rises, the air Is car- 
ried up lo the top of Ihe 4-inch main riser, 
and thence into the expansion tank, where 
it escapes through the automatic air 
valve. The water will rise in the tank 
until it reaches the ulr valve, which is 




I FIG. IS-FIRST FLOOR PLAN OF 

I Ibe uitlc pipes to the basemeut. have at- 
f tached to them on the different Soors 
497 square fet; the l^j-lnch risers have 
203 square feet; the 1>4-Inph have 91 
square feet, and the 1-inch 63 square 
teet. To each of the 2-Inch and li,ip-lnch 
risers are connected six radiators. To 
each of Ihe l<4-lnch and 1-lnch. three 
radiators. 

TTjp piping in the attic is covered. The 
basement piping ts left uncovered as they 
wanted the benefit of the heat from ft for 
> Uie billiard rooms and laundry. 




APARTItiENT BUILDING. CEILING, 10 FT. HIGH 
i at- provided with a float that closes and pre- 
vents any leakace. This leaves the upper 
half of Ihe tank fllied wi!h air. which acts 
as an elastic cushion tor the expansion ot 
the water and provides for carrying a 
temperature above the boiling point when 
necessary. In other words, this is a modi- 
fled "'close system." When the water Is 
below the air valve the system is "open"; 
when the water line is high enough to 
close (he valve the system is "closed" and 
compresses the air in tbe tank as it es- 
panda, an excellent feature indeed. 
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To guard agalnet any accident ol leak- 
age about tbe tank, there was placed ud- 
iler It a galvanalzed drip pan, which was 
connected by a drip pipe to the basement. 

On the return pipe, where It connectB 
to the hollers, there la placed a 2-Inch 
[lop Bafets' valve of the beet quality. The 
oSlce of this safety valve Is to guard 
against any possible accident In the event 
o( excessive giressure. Tbe apparatus and 
expansion tank, however, are so designed 
that the possibllltieB of a pressure rising 
more than twenty pounds above the static 
head are very remote, and In 



cause they are situated In the i 
next to the front door la a very cold lot 
tlon, and, aa a consequence, will cool very I 
quickly, A second reason is that the teed J 
for theBe two radiators le talcen off a hori- 
zontal return where the w 
lowest temperature. The large radiators ^ 
being ted oIT a vertical line coming from 
the attic, will heat just as well with a 
1-Inch valve as with a larger one. and the 
use of these small valves and connections 
of course reduces the cost of construction 
and labor as well. 
The chimney is tS inches by 20 inches 




FIG, 19-20-SECOND AND THIRD FLOOR PLAN 

years' practice, the safety valve has never 
been in action. 

In this Installation there are 68 radia- 
tors. Fourteen of them are connected 
with 1-lnrh valves and fiffy-toiir with Cl- 
inch, II will be noticed that the largest 
radiators contain 1 1 9 square teet . and 
yet they are ted with a 1-inch valve. The 
two small radiators In the vestibule, con- 
taining 2S teet each, are also fed with a 
l-Jnch valve. The reason for using the 
1-incb valves on the small radlatorn Is be- 



and 55 teet high, which gives an excellent I 
draft. 

In locating the radiators, they were 
placed, whenever practicable, on a parti- 
tion wall close to tbe outside walls or win- 
dows, and we consider this a belter loca- 
tion for radiators than when they ara I 
placed agaiasl the outside wall. 

The radiators were decorated with Ja- I 
pans, or radiator enamels as they ars I 
called, and in tints that harmonized witbl 
the walls of the room In which the radl*- J 
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tors were placed. Very little bronze waft 
used; in some rooms none at all but, in- 
stead, two harmonious colors of enamel. 
With this style of decoration the radiators 
were not conspicuous, as they would be 
if decorated with gold bronze or some 
glaring color. The importance of har- 
monious decoration of radiators is sadly 
overlooked by the great mass of heating 
men, but a moment's reflection will con- 
vince anyone that the radiators in the 
rooms are the only part of the work 
which is seen by his prospective cus- 
tomers, and if the radiators are taste- 



cent, of radiation, while in the ordinary 
two-pipe hot- water apparatus the piping 
will run 30 per cent., and in some cases 
as high as 40 per cent, of the radiation. 

Second: Freedom from annoyance of 
the air valves on the radiators, as all the 
air in the system vents to the expansion 
tank in the attic. 

Third: Rapid circulation, which causes 
the water to return to the boiler with 
less loss of heat than in most other sys- 
tems and, as a consequence, less fuel is 
required to run the apparatus. 

In this installation there were burned 




FIG. 21-ATnC FLOOR PLAN OF APARTMENT BUILDING. CEILING. 7 FT. HIGH 



fully decorated the appearance to the eye 
will create a good impression while, on 
the other hand, if radiators are daubed 
up with maroon Japan and a cheap bronze 
the appearance of the work does not re- 
flect credit upon the man who installed 
it 

The good features of an overhead hot 
water heating system are: 

First: Lower cost of installation, 
both in material and labor. In this par- 
ticular installation the piping is 23.4 per 



the first winter 48 tons of anthracite coal. 
Since that they have used from 38 to 42 
tons, according to the care and manage- 
ment of the janitor in charge. The aver- 
age is about one and one-eighth tons per 
100 square feet of radiation per season, 
which is considered a very good showing. 
The size coal is small egg. 

During the early months of autumn 
and in the late spring, but one boiler is 
used, and this probably accounts for such 
good fuel economy. 




CHAPTER IX. 



FIGURES 22, 23 and 24 are floor 
and basement plans ol a mod- 
ern residence, piped for water 
heating. 
The high point o( both lines of pipe are 
at tbe boiler, from whicU they pitfh 
down about one Inch In ten feet to the 
point where they drop to the return, mak- 
ing a continuous circuit from top to bot- 
tom of the boiler. By arranging the pip- 
ing in this manner we have three separate 
di'ops to the return of the boiler, thus In- 
creasing the motive power which causes 
circulation. 

This is much better than to try to put 
all the radiation on one circuit, because 




To relieve the mains of air, the two 
outlets an top of the boiler are connected 




FiG, 23— SECOND FLOOR PLAN 
with ^i-inch iiipe from which a line la 
run to the expansion tank in the attic 
All tbe flow branches are taken off the 
top of the 3-lnch main, except the 1'^- 
Inch riser In front of basement, which Is 
taken out of the side to retard the flow 
and give tbe Brat floor radiators time to 
return. The three returns Hi-Inch. 114- 
Inch and 1-inch at front of basement are 
dropped to the lower level of the 3-Inch 
return instead of being connected on the 
same level as are the How pipes. 
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From the 2^ij-lDch main the flow pipes 
' only are connected, all the radiator re- 
turns dropping to the main return, which 
Is almost directly under them. 

In selecting the boiler, we mU8t allow 



For this Blue Job, our preference Is lor 
a square, vertical, sectional boiler of fol- 
lowing proportions: 

HvntlaB BUrfRi:? In Ixiller R4 Sq. tt, 

Qrale suttsce E bq. ft. 




t'^el 



apncUy { 



i-Bflile) 



. 2*-BASEMENT PLAN, SHOWING THE 
WATER PIPING 

1,500 square feel o( direct radiation 
thai the boiler will have to take care of In 
coldest weather. 



■Mmaer 
Area 0/ syimrp tlUomej' Hue. ..... . 144 »q. In. 

Chimney should be 40 teet In height 
from boiler gralea and the outlet must 
be above all roofs In the near vicinity to 
insure a steady draft. 

Figure 25 shows details of the Indirect 
installation. Care should be observed In 
suspending heavy stacks to floor Joists, as 
Ihe floor Is liable to sag from the undue 
weight. euuEing at limes heavy damage. 
The proper way Is to take the weight oft 
the floor Joists by using one or more 2- 
inch pipe columns fitted at each end with 
floor flanges, with a right and left coup- 
ling in center for adjuslment. the hang- 
era need not he so heavy when the sup- 
l>ortiDg columns are emploj'ed. 

Galvanized boxing Is preferable to wood 
lined with lin, and can be done at less 
cost by metal workers of experience In 
Ihat line. Fig, 2C shows an excellent 
way to niiike the corner seam of galvan- 
ized boxing, and Fig. 37 ahows a good 
way to insert the bottom, using 'A-lnch 
ith hinged hot- 
should be provided under the regla- 




FIGURE »-DETAIL OF INDIRECT BOXING AND AIR FILTER 

|0t pIplBK. approxlmatvlj hih» ler. as abown In skelch. This box should 

always be of metal, or It made of wood, 
must be carefully metal lined as matches 
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may be dropped through the register, aod 

Igniting, cause serious damage. 

It Is bud priictlce to put the register 
directly over the stack; of course It Is 
a IKtle cheaper to do bd. but very insan- 
llary. 

To prevent Ihe dust from a register 
Bolllng the adjacent wull, a very small 
deflector can be used, which need not 
project over the reRlaler more than two 
Inches. 

Before the stack is put up, the head 
lining should be securely fastened to 
door joists, and neatly covered with tin- 
ned sheets with grooved edges. It seems 
almost unnecessary lo mention this, but 
the writer has seen large Indirect stacks 
hung within two or three Inches of the 
Joists, where an attempt had been made 



Ixtiirtct - 



FIG. 26— ENLAKGED VIEW OF COHNEK PIECE 

to fasten sheets of tin with carpet tacks 
over the stack after It was In place. Such 
work la of the most slovenly character 
at best, and in a short time, the tacks fall 
out and the tinned sbeets drop on the top 
of the stack effectually cutting off the 

Between the top of stack and head lin- 
ing, there should be at least 6 Inches of 
space, and 4 or 5 Inches space at the bot- 
tom. 

A few wood screws used lo (asteo the 
(In to the board lining overhead will 
make a permanent Job. The boxing 
should be filted to the stack so the air 
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will follow the lines of least resistance, 
and If a space la left between the boxing 
and the stack, the air will pass Into the 
room without coming In contact with the 
hot surface of the radiator. 



The best way to shut off the air aro 
the l)oltom of stack Is to rivet flanges to 4 
the gatvanUed boxing or tin lining which 
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FIG, 27-GALVANIZE0 BOX FOR INDIRECT 
will press up against the bottom of tba 
stack. See Fig. 2S. 

Where the pl|>eB pass through the box- 
ing, Gt the opening with split celling 
plates and cement carefully all air Inlets. 

The air filter shown In Fie. 28 l: 
expensive and excellent device to prevent 
dust entering the house through the ro- 
ister. The screens are of cheese cloUl 
fastened on removable wood frames' 
placed as shown. A hinged door, the full 
size of the Alter box. permits the removal 
of the screens for cleaning or renewal. 

The area of the cold air inlet should be 
% of a square inch to 1 square foot oT 
heating surface lu the stack, but where. 
the duct Is 10 or 15 feet in length, thtSi 
be Increased to 1 square inch, which ■ 
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currents of air are likely to drop through 
some portion of register. 
Fig. 29 shows a hot water one-pipe cir- 




FIG. 2^-A HOT WATER ONE-PIPE CIRCUIT 

cuit as frequently installed. If a flow 
pipe be taken ofP at A and attached to a 
radiator, and the return be connected at 
B, the circulation of the circuit will be 
very feeble. The water in the circuit of 
pipe circulates because the column D is 
cooler and consequently heavier than is 
the column B. Therefore if the return 
from the first radiator is connected at B 
the temperature of water in column D 
will be raised almost as high as that of 
colunm B, which of course destroys to a 
great extent the motive power. In fact 
such connections have been known to 
stop entirely the circulation in the cir- 
cuit 

To avoid any such trouble, connect re- 
turn pipe F to bottom of column D at 
point marked C, as shown by dotted line. 

When a one-pipe circuit is run in this 
manner, the pipe leading from top of 
boiler should be first taken around the 
coldest side of house, so the radiators on 



that side will get the hottest water. The 
better way, however, is to run two circuits 
as shown in Fig. 30, where the returns 
from both circuits drop to within two 
feet of basement fioor, and return along 
the wall in one pipe, H. If not conven- 
ient to bring the return back along the 
wall, drop both circuits to fioor and re- 
turn in a trench M, which will make a 
lift of 18 to 24 inches at boiler. To 
lighten this lift use the starting pipe N, 
the use of which is explained on page 
56. Fig. 40. 

If the circuits are run with the return 
H, Fig. 30, then circuit K should be on the 
cold side of the house, as it has only to 
feed the radiators, the returns dropping 
to dotted return H while circuit L has 
to carry the return water as well. 

If the amount ot radiation be equal on 
each line the line L should be one or two 
sizes larger than line K. 

Suppose there are 900 square feet on 
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FIG.30-SHOWING TWO CIRCUITS CONNECTED 

each line, we would run line K 3 inch, 
line "L'' which carries the return water, 
4 inch, and the submerged return line, 
4^ or 5 Inch. 



CHAPTEU X. 






A CERTAIN group 
bouses were piped for water 
beating, the circulation to be 
malntalneil wltb a punip rrom 
a centra] water heating plant, but before 
tbe pumping plant was completed cold 
weather set In and something bad to be 
done or all tbe plants would be ruined. 
There were about 3,500 square feet of 
pipe Burlace In tbe green taouBes and tbe 
plpea were all mucb smaller (ban ueual 
because of tbe forced circulation to be 
used. Tbe main flow and return pipe waa 
3 Inches, wblcb will give an Idea of the 
size of the piping, and the distance tbe 
water had to travel was .400 feet out and 
400 feet back; that is, the green bouses 
e 400 feet long and tbe pipes entered 
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The heating engineer who wae consult- 
ed had a boiler abed built outside the 
green bouses and ran the pipe from the 
boiler 30 feet vertically to an expansion 
tank, thence down to the green house 
floor and connected there with tbe 3 -inch 
main which ran along the floor until the 
various colls were reached, where it rose 
to the required helgbt. An air pipe was 
run from the tank one-third tbe distance 
from the bottom and carried to tbe boiler 
witbin sight of the operator, where It 
was equipped with a safety valve. 

In Qttlng the system the safety valve 
was opened until the entire system was 
filled with water up to the air pipe. After 
It was heated tbe safety valve was again 
opened and the surplus volume of water. 
due to expansion, drawn off. This left 
an air cushion for the air to expand 
against and the pressure could safely be 
run up to 20 pounds, above which the 
Yalve would open and relieve tbe pres- 



sure. A Bkfltcb of this InBtallatlon is 
shown In Pig. 31, 

In prarilce the appai-alus worked well, 
better than was expected, as many of tbe 
pipes were %-Inch, but, notwitbHlandlng 
Ibis apparent handicap tbe circulation 
was sufficient all through the buildings to 
keep them at the desired temperature. 

In beating greenhouses with water tbe 
main riser should run first to the highest 
possible point to the expansion tank; 
from that point pitch down to the coils, 
as shown In Fig. 32. 

Tbe Idea prevails with some that hot 
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FIG. 31- INSTALLATION OF THE SAFETY 
VALVE SYSTEM 

water will circulate only when the mains 
liitch up from the boiler. This theory la 
all wrong, for if that were so, how would 
the water ever get back to the boiler* 

Many years ago Chas. Hood staled that 
In hot water heating tbe most rapid cir- 
culation would be obtained by running 
tbe boiler flow to tbe highest point flrst 
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and then dropping to the heating sur- near the bottouL When the apparatus is 
face, and recent practice proves that Mr. filled with water the air is drawn off the 
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FIG. 32-IN HEATING GREENHOUSES WITH WATER MAIN RISER SHOULD RUN FIRST TO HIGH- 
EST POSSIBLE POINT TO TANK 

Hood knew what he was talking about. 

Another illustration of the value of 
height to increase circulation is shown 
in Fig. 33, where the feed for a basement 
radiator is taken from a riser at the sec- 
ond floor. If there is a third floor radia- 
tor convenient that is a still better place 
to feed from. 

An installation which may be classed 
as a freak is shown in Fig. 34. This rep- 
resents a store where there is no base- 
ment and no place for an expansion tank. 
In this case the tank is placed on the 
floor near and connected to the heater 
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FIG. 33— ANOTHER ILLUSTRATION OF VALUE OF HEIGHT TO INCREASE CIRCULATION 
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main at the higheet point by th« air line 
which iB provided with a pet cock to be 
dosed when the air 1b all extracted. The 



for an expansion tank. One reason tor 
thlB Ifl, because when the water geta very 
hot It will back up into the maioB and no 




FIG. 3 



tank will fill pari wiiy with wuter and 
compress the air in the top ot the tank, 
which acts as an elastic cuahton when the 
water expands with heat. 

An apparatus or this kind should only 
be placed In careful hands, who will look 
after It and see that the safety valre Is 




FIG. 35— WRONG WAY TO TAKE raED PIPE OFF 
A MAIN TO A HOT WATER RADIATOR 

kept in good order so that It will operate 
before the pressure gets excessive. This, 
however. Is a better plan than connecting 
to the city water mains nnd using tbem 



cold water can be drawn from the pipes in 
the neighborhood and another reason Is 
tliat, In the event of a break and cut oS In 
the city mains, tbe beating apparatus Is 
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FIG. 36-CORFECT WAY TO TAKE FEED PIPE 
OFF A MAIN 

left without water and more than likely 
cracked sections will be the result. 

Fig 35 shows the wrong way to take 
a feed pipe off a main to a hot water radl- 
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ator on a lower level. If there are no 
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FIG. 37— ANOTHER WAY OF DOING THE WORK 

CORRECTLY 



water lines above the main and connected 
to same the water will not rise above the 
line marked "water level." If, however, 
the pipes extend to a second or third 
floor above, the static head of the water 
will compress the air, and if the head is 
great enough, will make room for a small 
flow of water in the air trapped pipe. 
The method, however, is entirely wrong. 
The branches in such cases must be taken 
off, as shown in Fig. 36 or Fig. 37. By 
either of the latter methods the air will 
vent into the higher levels. In the same 
way ceiling coils and indirects should be 
vented into a riser where they are above 
the main rather than to equip them with 
air valves, which are likely to be ne- 
glected. Many cases have occurred in hot 
water heating apparatus, where basement 
coils and direct radiators have frozen 
and burst because the trapped air would 
not permit the water in the radiator to 
circulate and take up heat. 



CHAPTBH XI. 







<--^ NCLOBED pl«aie Bud a sketch of a 


cooms to heat a wall coll. Tbe Utile OUnt 


1 J^ hot water Job which I baye bMO 


beater to be a No. 2 or 3 If neceHarr- 




Now. will the Job work as I have It maiipetf 


JL^ here, bat was afraid It would Dot 


out In the beavy black llnei, or will It tM 


work. I wish j-au would publim Id 


better to ruD It like tbe dotted llnea and 


your ont latne your views on tbe eubject. 


change No. l to ran under floor Mme as No. 2 


We bare a bot blast sloTe with a 20-lncb 


does? 


tire pot and wlah to Insert a Uttle Giant 


Or can It b« made to work at all? 
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FIG. 3»— INSTALLING A HOT WATER SYSTEM— J. 

heattr In lame to beat a eoU dI pipe running 
arannd baaeboard and ntnm to atove ; alio a 



'. M'S PLAN OF THE HEATING JOB 
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Che long coil around baseboard if it can be 
made to work? 

The first essential is to know the quan- 
tity of pipe coil necessary to heat the 
space in question. As the plans do not 
show the size or exposure, we will, to 
make the matter plain, assume that in 
the room to be heated there are 120 
square feet of exposed glass; 800 square 
feet of exposed wall, and 10,000 cubic 
feet of space; the air in the space to be 
changed once per hour, which will con- 
form to normal conditions. 

As it is proposed to run the Job under 
pressure, we will assume that with a 
strong fire the piping will be at a mean 
temperature of not less than 200 degrees. 
Under these conditions we will assume 
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no. 39-^FLOOR PLAN OF JOB. OUR SKETCH 

that each square foot of pipe will emit 
200 British thermal units per hour. We 
will first find out how much heat we are 
going to lose per hour in British thermal 
units, and this we go about in the fol- 
lowing manner: 

Square feet of exposed glass. . .120z72a 8,640 

Sqnare feet of exposed wall 800x22»17,600 

Cobic feet of air 10,000x1.4=14.000 



Total loss of heat per hour in B. T. U.*8.40,240 
This, divided by 200, shows that 200 

square feet of pipe is required to heat a 

room whoee cubic contents and cooling 

surface is as described aboye. 
This method of obtaining the proper 

amount of radiation is fully described in 



chapters two and three under the head- ' 
ing Heat Transmission. In that article 
we assume a lower temperature in the 
radiators, and as a consequence a lower 
emission of heat, and, instead of 200 we 
use 150. That, however, is for low tem- 
perature open tanks. 

In this case we have a closed system, 
and with a heater of the proper size and 
active combustion, we would be able to 
maintain a steam temperature in the 
pipes. The efficiency of the heater which 
is to be placed in the stove will depend 
almost entirely upon its position. The 
quantity of radiation it will heat will 
also depend upon the activity of the fire. 
The writer has known small heaters of 
this nature that were capable of taking 
care of 60 square feet of radiation, and 
on the other hand they have been so 
placed that they would not take care of 
more than 10 feet. 

We think it would be safe to figure in 
this particular case that 1 square foot of 
the heater will take care of 30 square 
feet of radiation and piping, which would 
require for 200 feet of radiation, 6% 
square feet of heating surface in the 
heater. Probably the manufacturers of 
this heater can throw some light on the 
subject, but it must be remembered that 
where the manufacturer states that 1 
square foot of his heater will take care 
of 30 or 40 square feet of hot water radi- 
ation, the statement amounts to noth- 
ing unless the temperature of the radi- 
ators is stated, as well as other condi- 
tions. 

It would be folly to install this appar- 
atus without first of all determining the 
quantity of pipe coils necessary to heat 
the building, and then it would be folly 
to put in a closed tank system unless the 
heater is of sufficient size to heat the 
water above the ordinary boiling point. 

Had our correspondent sent us the size 
of the rooms, the square feet of glass and 
the square feet of exposed wall, together 
with the required temperatures, we 
would have been able to give him a much 
more intelligent answer to his questions. 

Turning to sketch No. 39, we have pre- 
pared a floor plan, following as nearly as 
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.possible the contour of our correspon- 
dent's sketch. The pipe from the heater 
rises directly to the ceiling, where it is 
connected to the expansion tank. Im- 
mediately below the expansion tank is 
placed a cross, and from each side of the 
cross is taken out a branch line, which 
pitches down to the respective coils. The 
tank is the highest point and will relieve 
the system of all the air. We do not 
like the idea, as suggested in our corre- 
spondent's letter, of carrying the water 
through a long pipe coil and returning 



A better idea may, perhaps, be obtained 
by sketch No. 40, wherein is shown a sec- 
tion of the apparatus. 

Here we show the stove with heater in- 
side. From the top of the heater is taken 
a 1%-inch pipe to the expansion tank. 
Prom either side of this pipe. Just below 
the tank, are taken two 1% branches, one 
of which feeds the two-pipe coil, the 
other the return bend coil. The return 
from the branch tee coil is shown above 
the floor, the return bend coil is shown 
below the floor, and both of these being 
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FIG. 4a-SECTIONAL VIEW OF HEATING APPARATUS TO BE INSTALLED IN PRINTING OFFICE 



it in the same manner. It is much bet- 
ter to make the coil as shown in sketch 
No. 41, which is an interior view of a 
room showing a two-branch pipe coil on 
the wall connected to branch tees. This 
interior sketch also shows the main riser 
to the tank and one branch feeding the 
two-branch wall coil. It also shows the 
proper method of running the overflow 
pipe from the expansion tank, and the 
placing of the safety valve down by the 
boiler where it is accessible. 



connected into one pipe rise and are con- 
nected to the heater. This rise being 
from 18 to 24 inches in height, and being 
the coldest part of the water will natn- 
rally retard the circulation, and to as- 
sist this we show what is called a start- 
ing pipe taken from the flow pipe whore 
it leaves the stove, and dropped back to 
the lower part of the rising part of the 
return. The device lightens the water in 
the lift of the return, and permits of 
much easier and more rapid flow of 
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water tban could otberwlse be obtained. 
It will be noticed that tbe % overflow 
1b taken from a point about two-thirds 
from the bottom ot the expansion tank, 
tha other third being an air cushion. 
This win permit tbe water to Be super- 
heated, which will compress the air, and 
when this presBure rises above the point 



regarding the proper size of pipe to use. 
If he finds that 200 feet are necessary to 
heat the building, he must then decide 
the length of his colls, and that will de- 
termine the size and number of pipes. 
For example: If the return bend coll 
made of l-lnch pipe contains 40 square 
fe«t. and tbe expttsed mains contain 20 
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FIG. 41— SHOWING INTERIOR VIEW OF ROOM WITH BRANCH TEE COIL ON TWO SIDES OF ROOM 



at which the safely valve Is set the ap- 
paratus will be relieved. 

It will not be necessary lo use the start- 
ing pipe if the main returns can be car- 
ried above the floor and on a level with 
the return of the heater, but we scarcely 
think this would be practicable, and we 
have shown the starting pipe device. 

The explaoatlon In regard to determin- 
ing tha quantity of radiation required 
will answer our correspondent's question 



feet more, there will still be 140 feet to 
provide, and it it Is convenient to run but 
two pipes on the wall, he may have to use 
2-tcch pipe In order to get In tbe surface. 
For one square foot of heating surface 
there will be required 3 square feet of 
l-inch pipe, 2.3 square feet of m-lnch 
pipe, Z square feet of 1^-lnch pipe and 
1.6 square feet of 2-lnch pipe. With this 
data, necessary quantities can easily be 
determined. 



CHAPTER XII. 



DOMESTIC VACUUM HEATING. 



THE heating contractor who advo- 
cates water heating only for 
residence work will lose many 
jobs that he might have secured 
had he advocated and figured on a good 
steam heating apparatus, because the lat- 
ter costs so much less than does water 
heating. 

It may be well to explain that these ar- 
ticles on heating are written from the 
heating contractor's standpoint, and 
some of the pipe sizes and rules given 
for certain work will not be in accord 
with some of the text books. For exam- 
ple: The text books say that in hot water 
heating the area of the fiow main should 
equal the combined area of all the branches 
and that the tappings furnished by the 
radiator manufacturers will serve as a 
guide to the size of the mains. All very 
good. Such jobs will work, of course, 
though they are sometimes waterlogged, 
and the boiler has all it can do to heat the 
water In the mains to say nothing of the 
water in the radiation, but the man who 
figures work according to that rule against 
a man who knows how to proportion his 
piping, will do nothing but figure, while 
the other fellow will do the work. 

Take a 2,000 square foot water heating 
job, with thirty radiators tapped 1^4 inch 
and 10 radiators tapped 1% inch. The 
combined area of all the radiator tap- 
pings (branches same size as tappings) 
is 54^ square inches; the area of an 8- 
inch pipe is 50 square inches, and this 
you must use if you follow instructions — 
or you could use one 5-inch and one 6- 
inch, or four 4-inch, but your competitor, 
if he knew his business, would use one 5- 
inch or possibly one 4-inch main and 
would not use one lH>^inch valve on the 
job and few l^-lnch. 



A prejudice exists among many people 
regarding the use of steam in the house. 
They say that it overheats, that you get 
a temperature in the rooms of 212 de- 
grees or nothing, and a range of only 15 
degrees — from 212 to 227 (5 pounds). 

This is not strictly true. Water boils 
at 212 degrees at atmospheric pressure, at 
sea level, but it emits a hot vapor at 180 
degrees, and in all well planned and well 
executed heating plants this vapor will 
circulate a short distance, which gives a 
range of temperature from 180 degrees 
to 227 degrees (5 pounds steam) or 47 
degrees range of temperature, and If we 
relieve the radiation of a portion of the 
atmospheric pressure, we can get the wa- 
ter to boil and throw off a vapor as low 
as 125 degrees in practice, which gives a 
range of temperature of from 125 degrees 





FIG. 42 



FIG. 43 



FIG. 44 



(25 inches vacuum) to 227 degrees (5 
pounds pressure) or practically 100 de- 
grees range of temperature. 

To illustrate: Suppose we install a 
steam plant in a residence; get up steam 
and fill all the radiation with steam. As 
the steam enters the radiator, being light- 
er than air, it rises to the top of the 
loops and with the pressure from the 
boiler, expels all the air from the radia- 
tor. If there is an automatic air yalye 
on the radiator, it will close when the 
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steara reacbee it and tbe radiator will be 
niled with steam In place of air. The 
sleBm which la condensed by the radiator 
la replaced by treah eteam from Ihe boiler 
so Ions as there la aufflcient fire to evap- 
orate the water 

When the fire gets low tbe radiator will 
coodenae the atenm faster than the boiler 
can supply It and the nir enters through 
the automatic valve to fill tbe space which 
the steam had occupied before coadensa- 
tlon. * 

Now, suppose each and every radiator 
had been furnished with a positive air 
valve operated by hand and tlgbtly 
closed when the radiators were all filled 
with steam. Now. when the fire gets low 
the radiators remain warm, but at a 
Icwer temperature, and will continue to 
emit heat but at a constantly decreasing 
temperature so long as no air enters the 
syBlem, until the temperature of the 
water In the bolter drops down to 100 de- 
grees. This Is domestic 
heating. 

Now, If Instead of poeltivi 
we use automatic air valves. 
that they will allow the air t 
will not permit It to enter the radiator, 
we have an automatic vacuum syBtem and 
can get all the advantages of water heat- 
ing al n greatly decreased cost. 

II ia, of course, necessary to have the 
I'lplng llghi and vacuum valves on all 
^^te radiators because wherever tlie air 
^Wters tbe B}*stem It will kill the exlsUng 
^Hbcuum throughout the entire apparatus. 
^^P'We IIluBtrate a few of the different 
^Tilnds of valvea now In common use. 

PlgB. 42, iX and 44 are poBitlve steam 
air valvea. Pigs. 45 and 46 are hot water 
_alr valvea. Pig 47 is one of the simplest 
B of automatic ateam air valves. It 
I by tbe expansion of a vulcan- 
: poet from the heat of the steam, 
I valve Is provided with a thread to 
be attached a '-i-In air line 
rried to tbe basement to prevent a,ny 
Iptilng of water. 

;. 48 Is the form of air valve usually 

put on the return end ot a 

1 main to relieve It of air. Pig. 49 

, stmiile form of vacuum automatlr 




air vtUve, The ball shown In the base ol 
the valve Is there to prevent air from 
entering the radiator as the steam pres- 
sure relaxes. These vacuum valvea are 
made at present In other ways than shown 
In the llluetratioQ. 

Fig. 50 la an automatic air valve with a 
float, the latter to prevent water from 
escaping when there la not sufficient heat 
to close tbe valve by the expansion of 
the poet. Fig. 51 ia an automatic float 
valve with a small syphon tube inserted 
in connecting end, which drops Into the 
loop of the radiator and it said to have 
tbe effect of clearing the radiator air 
valve of the water of condensation more 
freely than when It Is. not employed. 

The principle of vacuum heating 18, Of 
counte, based on the fact thai water bolls 
at 212 degrees Fahrenheit tit sea level 
where the atmosphere exerts a preaaure 



> air valves, 
so arranged 
D escape but 




FIG. *5 FIG. 46 FIG. 47 

lier square inch of 14. T pounds. This ia 
called absolute pressure. 

When water Is heated In a sealed ap- 
paratus, such as It steam plant, the pres- 
sure will soon rise In the apparatus above 
tbe utmoephere. which Is indicated by the 
Hteam gauge and thla Is ciilled gauge prea- 

When the gauge shows 5 iiounda we say 
there is 5 pounds pressure at the boiler, 
hut there la really 5 pounds, plus the 
pressure of the atmosphere — I4.7~mak- 
ing 19.7 pounds preaaure. We will atart 
al (he atmospheric preasure of 14,7 at 
which point the steam la leaving tbe 
boiler at a temperature of 212 degrees. 
We check the Are ao the boiler will not 
supply the eteam at that temiieralure as 
fast aa the radiators will condense It, 
hut If the air Is prevented from taking the 
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place of the cundensed steam, the wnter 
will continue to boll and throw off vapor, 
tbe tempei'ature of which U below 212 
degrees, because the atmospberic pres- 
sure on the wafer In the boiler has been 
reduced by the action of the condensing 

The following table shows the temper- 
atures at different absolute pressures, 
with the toirespondlng readings of the 
pressure and vacuum gages; 



PlBBBUre PrnsBurp Oauge 
LbB. pec Lbs. per lacbOBOf 

Sq. Inch. Bci- Inch. Meppury. 



oft) 





2ie.4 








^13.0 








212.0 




200.6 


.-.,*9 




-.02 


1BT.8 




193.2 


11.60 


18S.3 


13.63 


182.0 




176.0 


17.T0 




19.74 


162-3 



3.0 



33.8! 



;5.85 



102.1 

As It Is practicable in the system de- 
scribed, to get 25 Inclies on the vacuum 
gage, a glance at the table will show the 
Increased rnnge of temperature over the 
ordinary steam heaiiiig plant. 

The proper gage to use la a combina- 
tion which shows the vacuum in Inches 
□n one side and pressure above atmos- 
phere on the other. 

We have seen that at the sea ievel the 
pressure ot the atmosphere Is 14.7 
pounds per square Inch, so it follows that 
at points above sea level the pressure 
will be less. Starting at sea level, we 
have a pressure df H.7 pounds, at which 
pressure water bolls at a temperatui-e of 
212 deg. F. At t; mile above sea level 
the pressure Is H.(I2 pounds; at '{. mile. 



1:1.33; at % mile, 12.6G; at 1 milo. 12.0! 
at which altitude water boils at a t 
perature of 200 deg. F. 

Denver, Col., is located Just one i 
above sea level, and a steam heatlaifV 
plant In that city, operated at atmo^V 
pherlc pressure, will give oS Its vaporl 
at 202 deg,. or 10 degrees lower tempe^fl 
ature than Is obtainable In localities n 
the coast. Five hundred feet altitude dB* 
creases tbe boiling point of water about 
one degree F. 

In New York City are some 
finest living apartments that money c 
build and furnish, and thpy ;ir( 




nearly all, steam heated and without any 
arrangement to heat below atmospheric 
pressure. ]( may be said that many of 
the jobs are not wholly satisfactory, anfl 
the same might be said of water beating. 
without detracting from the value ot 
either system. 

In the matter of fuel economy, there 
will l>e MO difference between water heal- 
ing and vacuum steam heiitliis. if both 
are equally well installed. 

In old houses where no provision has 
been made for risers or radiators, the 
steam plant can be much more readily 
adapted to conditions and much less cut- 
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ting Of floors Is required. la new build- 
ings, where temporary heat la required, 
the Bt«am radiator caa be permaneatly 
connected, swung out trom the wall, and 
swung back when floors and walla are 
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finUhod, but the water radiator must be 
connected twice. 

COUPABATIVE COBT OF A WATER AND 
VACUUM 8TBAU HEATING JOB. 



Oc tlSO.OO 

) iqoare iett boiler IIG.OO 

Pipe anil OtllDia— T ptr WDt. or 



rxllatkm 42.00 

BadlatM valTca (12 at fl.fiO) 18.00 

Vacuum valre* 12.00 

Dacaratlng ladiatarB. ::<;. toot,,.. 12.00 

10 days labor at $6.00 60.00 

Pipe cov«rln^---0 per ceni. tad SO.OO 

Cartase, etc. 10.00 

U7U.W 
Add 20 per cent 96.00 

Bid (574.00 

Wator. 
For eame bouae — 60 per cent, more radiation. 

SBO aguare feet radtatloD at SOVJiC (lae.OO 

lEOO leet bolter IfiS.OO 

Pipe and flttlngs — 10 per cent. o[ 

radlatioD 96.00 

BadlatoT Talve air cocka el (l.BO. 18.00 

Expansion tank 10.00 

Tbermometer at alteraatiQi; e»Kf. 3.00 

Decorating- 2c. loot IB.OO 

18 d«;B labor at f6.00 lOS.OO 

Cartage, etc 12.00 

CoTerlng— B per cent, radiation.. 48.00 

fOTe.OO 
Add 20 per cent 13S.O0 

Bid (SII.OO 

These figures show a difference of 
I23T.O0 In favor of the steam plant, and 
It the latter is properly Installed. It will 
be fully as satisfactory as the beet water 
heating Job, and besides, the owner can 
well afford to pay 125.00 to (36.00 extra 
for an indirect stack for Tentilation. 
which will then place it far ahead of the 
water system. 



CHAPTEK XIII. 

BEATING A MliRCHANDISS STORE. 



THE acconiEiauylng Qoor plans rep- 
resent a three-story building 
usert for H retnll store. The first 

TOted to sales rooms and the third floor 
to a millinery or sewing roam. 

The flrst story Is protected on both sides 
by other buildings one story high. Both 
of these adjoining buildings are warmed, 
and consequently tbe aide wails ot the 
Brat floor of the three-story building will 
3 any heat. Neither will there be 



Beginning with the flrat floor, we hate ' 
323 feet of glass, and for each two feet ol 
glass we apportion one square foot of 
radiation. There are 200 square feel ot 
exposed wall, to which we apporCjon one 
square foot of radiation to every M 
square feet. The air space has 10,40(1 
cubic feet, and to this we apportion one 
square foot of radiation to every 200 cubic 
feet, luaktng a total of 224 square feet tor 
the Brat atory. 

The second floor is figured in (he same 
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any loss of heat through the 

long as tbe second story rooms are at the 

same temperature as the first story. 

The second and third stories are ex- 
posed on all sides. The walls are brIcK. 
12 Inches thick, and the roof is an ordi- 
nary tar and gravel flat root with an air 
space of an average of 12 inches between 
the celling and the roof. 



S TO KEPKEStNT 
■illng E 
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and there being more glass and 
more exposed wall, the total radiation la 
269 feet 

On the third floor, in addltloa to the 
glass and walls, we have a toss ot heat 
through the roof, and aa It is never pos. 
slble to know exactly the rate of cooling 
through a roof where there is an air 
epace, it Is best to treat It In the samp 
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' ae tbe brick walk. It Ctae air 
space between the celling aad roof were 
perfectly tieht, there would be almost no 
loBs of heat as quiet air la an excellent 
D on-con ductor. 

The building is to be warmed by a low 
pressure steam beating apparatus not in 
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I 



FIGURE 53 

exceed five pounds gauge preBBure ut tht 
boiler. There are two roome la the front 
part of the baeement, e^ch o[ which will 
require. In addition to Ihe steam mains, 
'ill square feet of radiation. 11 la im- 
peratiTe that these radiators stand on the 
floor lerel, and If they are to be beated 
by steam, the only alternative is to set 
the boiler in a pit so the radiators will 
stand above the water line, but an this 
scheme Is not practicable in this case, and 
as the owner will not allow the boiler to 
be tapped for hot water pipes below the 
water line, the only resource is to use 




hot f 



FIGURE 54 
r radiators nnd heat them by the 



water of condensation. 

As the circulation through these radta- 
tora will be somewhat slow, depending 
entirely upon the amount of condensation. 
we estimate Ihere will lip required 5n feel 
In each radialor lo make up for Ihe differ 



ence in temperature between that of 
steam and water, as the water radiators 
in this particular installation will not 
average above ISO degrees temperature. 

In figure 57 is shown the proper method 
for conoectlng these hot water radiators. 
The radiator shown in Fig. "0 Is marked 
E in the basement plan, and the object 
is to divide, as evenly as possible, the 
condensation between the iwo radiators. 

Referring lo Fig. 52, which is the base- 
ment plan, we run the 3 -inch main from 
the boiler until we reach the radialor 
marked F. At this point we put on a tee 
2%' X IVj X 3 Inches. The l>^-inch Is con- 
nected with the top of the radiator, while 
the 2^-inch rises for the continuation of 
the 2'^-lnch steam main. This Z^^ncb 
main extends lo the radiator marked E. 
and at this point Is used a tee 3 k li^ x 
2'.:. inches. The I'/i-Inch is connected 
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FIGURE 55 
with the top of the radiator in the liome 
manner as Just described, and the main 
again rises and Is continued 2 Inches to 
the furthest riser, marked H. From the 
risers H and O Is carried a return which 
connects Into the feed nt the radialor E. 
below the water line of the boiler. 

On these basement radlalorg are placed 
two valves. A and B, Fig. 57. When If Is 
desired lo have the radiators warmed, the 
valve B Is closed and valve A is opened, 
but when the radiator is closed off, B 
must be opened to allow the water of con- 
densation to return to the boiler. The 
return pipe is shown in this case under 
the floor, but Is frequently run on top of 
the floor, next to the wa!!, all depending 
upon conditions. 

In Fig. .5fi Is shown a secilon of the 
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building In elevation, and three different 
methods of connecting rieera. The first 
method, shown In riser A, cannot be too 
strongly condemned, as there is no provi- 
sion made for the expansion of the pipe. 
It is true that In a tbree-story building 
the eipansion ot the risers is very sIlBht, 
but It is also true ttiat in many cases the 
rDnnecilonei to the radiators are made 
very small and rigid so tliat a slight 
lengthening ot the riser will tip the radia- 
tor out of position, causing a amall quan- 
tity o[ water lo lie in the bottom, which 



tail of this manner of banging risers Is 
ahowi) In Fig. 59. The riser is cut to 
such length that u plain coupling con- 
nects the riser to the third floor, and this 
coupling rests upon a one-piece, cast-iron 
door plate on second floor. Any expan- 
sion that takes place in the riser will l>e 
divided at this point, one-halt ot the ex- 
pansion going upward and the otber half 
downward. The celling plates should, i( 
possible, be fastened lo the sleeve, which 
passes through the floor. This te not (>ie 
practice, but It Is the best. When 




will be a source of annoyance from water 
hammer, as many have experienced. 

In riser B the radiator connections are 
shown taken off above the floor, carried 
bacl< of the radiator and connected to 
same by a corner viilve. In this arrange- 
ment, with only two stories for the riser 
lo pass through, there Is no need ot mak- 
Ine provision for expansion it the branches 
lo the radiators are given a generous 
pitch. 

In riser C we show the arms taken off 
beneath the floors and In D the riser Is 
shown hung at the second floor. The de- 



the ceiling plate is fastened to the rioer 
and set up close to the plastering, ttie ex- 
pansion ot the pipe will, In time, brealc 
the plastering, providing the floor plate is 
Bcrewed tightly to the riser, and if It is 
not tight. It will soon work loose. 

In Fig. 58 we show two riser connec- 
tions. A iind B. in riser B the connec- 
tion leaving the main Is supposed to be 
short and rigid. The branch to the radia- 
tor, which is under the floor, is supposed 
to have been placed on a. level with right 
angle elbows. Under these conditions the 
expansion of the rispr will push It 



up and ^m 
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form a small trap, as shown by the dotted 
line, which will contain enough water to 
be QOls;. At A the riser is shown taken 
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FIGURE 58 

mj angle, and an elbow placed on the 
outer end. a crooked thread must be cut 
no the bottom of the riser to make It 



stand perpendicular, unless "pitch" elbows 
are used, and as these elbows are some- 
times confusing, getting mixed among the 
other fittings, the steam fitter, as a rule, 
avoids them, although tbe; are the proper 
fitting to use to obtain the best results In 
steam heating. 

There art 914 square feet of radiation, 
to which we will add for tbe piping 182 
square feet, or 20 per cent, of the figured 
radiation, and call the boiler load 1,100 
square feet. If the fuel Is to be bard 
coal, and heat must be maintained for 
eight hours without attention, we will re- 
quire a boiler witU 4.9 square feet of 



FIGURE 57 

off tbe side of the main and pitched up 
at a sharp angle. Between the outer end 
or the arm from tbe main and the riser 
are two elbows, which permit the riser to 
set perpendicular. "The detail of this con- 
nection is clearly shown in Fig. GO. 

The advantage of using two elbows at 
the foot of the riser Is that It gives the 
opportunity for a sharp pitch uward of 
the arm leaving the steam main. If an 
arm Is taken off a main with an elbow at 
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FIGURE » 

grate, 65 square feet of heating surface 
and a fuel capacity of 390 pounds. If the 
heat Is to be kept up for ten hours, a 
larger boiler will be requlre(L to obtain 
a fuel capacity of 4S5 pounds. This as- 
sumes that all the radiation Is to be kept 
at a temperature of 220 degrees Fahren- 
heit for eight or ten hours without atten- 
tion to the Are, and that the air in the 
rooms where the radiation Is placed shall 
be maintained at 70 degrees Fahrenheit. 
If it Is necessary to keep only about 
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half of the radiation in commission dur- 
ing the night, the first mentioned boiler 
will be sufficiently large to carry fire for 
ten or twelve hours. 

In designating the fuel capacities, wp 
assume the most trying weather condi- 
tions, which may not occur more than 
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FIGURE 60 

three of four times during the season; 
but if the boiler has a fuel capacity for 
only six hours and if, during a night of 
severe frost, the water pipes freeze and 
burst, there might be enough damage 
done to the building and contents to pay 
for several boilers. 

If soft coal is to be used, select a square 
boiler with a large fuel chamber and extra 
large gas passages. The fuel capacity 
should be just about 50 per cent, greater 



than for hard coal, if heat is to be main- 
tained the tame length of time. 

The chimney flue for this installation 
should be not less than 40 feet in hei^t 
from the boiler grates to the top, and 
should be, if square, 12 x 12 inches in- 
side, and if round 12 inches inside diam- 
eter. 

It will be noted that this store is heated 
by the rule in common use of 2-20-200, 
which gives to the first floor 224 square 
feet of radiation, to the second floor 269, 
and to the third floor 321 square feet 
In chapter 2 it is shown that by the laws 
of heat transmission the rule for glass 
should be 1 to 3 instead of 1 to 2, and 
the rule for wall should be 1 to 12 in- 
stead of 1 to 20. The rule of 2-20-200 
will hold good where the proportions of 
wall and glass do not vary greatly, but 
where there is a preponderance of glass 
and a small quantity of wall, the rule 
gives too much radiation. 

A more exact rule for figuring store 
buildings, such as is shown in this ar- 
ticle, is to divide the exposed glass by 3, 
the exposed wall by 12, and the cubic 
contents by 200, where it is supposed 
there will be a change of air once per 
hour. This latter rule would give to the 
first floor 177 square feet, to the second 
fioor 246 square feet, and to the third 
fioor 333 square feet. This gives only 
58 feet less than the rule by which the 
building is figured, but the distribution 
of the heat is different, there being a 
less amount of radiation on the first and 
second fioors and a greater amount on 
the third fioor. In detached store build- 
ings the walls which are shelved and fill- 
ed wtih goods, may be disregarded as 
cooling surface. 



CHAPTER XIV. 

PLANS OP A SUCCESSFUL WATER HEATING APPARATUS— DIRECT RADIATION. 



IT may be of interest to look over 
some plans and data of residences 
which have been successfully heat- 
ed. Fig. 61 is the basement plan, 
Pig. 62 the first floor and Fig. 63 the third 
floor of a residence heated with hot water 
direct radiation and the single pipe cir- 
cuit system of piping in the basement. 

This work was installed in 1893, and 
has been satisfactory in every respect, 
the owner saying that there is nothing 



in the radiators at 160 degrees when the 
external temperature was at zero, and 
there has been no difficulty in carrying 
out these conditions. 

Figuring from the cubic contents only, 
the radiation in the rooms on the flrst 
floor will show about one square foot of 
radiation to 24 cubic feet of air space. 
The second floor is figured in the same 
manner. The radiators, with the excep- 
tion of one in the den and one in the 
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FIG. 61— RESIDENCE. BASEMENT PLAN INSTALLED 1S93. 



about the heating apparatus that he would 
care to have changed. 

The house is near one of the great 
lakes, exposed to all the winds that blow. 
It is well built, however, and in placing 
the radiation care was taken to have 
enough to insure a temperature of 72 de- 
grees In all the rooms, with the water 



servants' dining-room, are of standard 
height, three-column, containing five 
square feet to the loop. The direct cast 
iron radiators figure up 1.097 square feet. 
The pipe coil in the laundry has 23 square 
feet, and the piping will add 336 feet, 
making 1,456 feet for the boiler load. 
The boiler used was a round sectional 
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FIG. 63-RESIDENCE, SECOND FLOOR PLAN. 
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boiler, with a grate 35 inches in diameter, 
the area of which is 6.7 square feet. The 
outside diameter of the water' heater is 
42 inches; the height from floor to top, 61 
inches. The catalog rating is 1,800 feet. 

The fuel used for the first four years 
was natural gas. Since that time they 
have been using coal, and the only dif- 
ference they find is in the trouble of 
taking care of the fire, after their ex- 
perience with natural gas, which was au- 
tomatic in its action. 

The reason for using the one-pipe cir- 
cuit system is because the radiation is all 
placed around the outside walls, and it 
is more convenient and takes less piping 
to do it in this way than in any other. 
As will be seen by the piping:, which is 
very clearly laid out, the flow and return 
water travel in the same pipe, the hot 
water at the top and the cooler water 
at the bottom. The flow pipe is taken off 
the top and the return pipe enters the 
side of the main. 



In this system it is, of course, necessary 
that the pipes pitch downward from the 
boiler. In this particular installation the 
pipe runs level from the boiler to the 
first two tees on the 3-inch line, the 
branches from these tees being taken off 
the top of the pipe and attached to the 
radiators, one on the first fioor, the other 
on the second, relieves the pipe of air 
at that point through these two radiators. 
The two lines of pipe are carried around 
the basement, as shown, until they reach 
the boiler, where they drop to and are 
connected into the bottom of the fire pot. 

The chimney in this house is in rather 
an awkward place, involving a long smoke 
pipe, which in some places might give 
trouble in starting a fire, owing to the 
cold air lying in it, but in this particular 
case the basement is quite warm because 
of the heat radiated from the uncovered 
piping, and probably for this reason there 
never has been any trouble with the 
f^himney draft. 



CHAPTER XV. 
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FIGS. No. 77. 78, 79 and 80, Ib h 
steam-heatlnK plant, which takes 
the place of a hot-afr furnace, 
without making any changes In 
any of the rooms, with the exception of 
the kitchen and the toilet room on the 
first floor, one bedroom and bathroom on 
the second floor and ballroom on the third 
floor, these few roome being heated by di- 
rect radiation. 

The owner of this residence was 
averse to seeing direct radiation In the 
rooms, and did not wish to have hid 



basement, allowing it to be tempered by 
the warmth la the cellar before entering 
the heating stacks. This saved the ex- 
pense of running separate air ducts to 
all of the Indirect stacks. The only stack 
which was completely Inclosed was the 
one under the dining-room, which re- 
ceived Its air supply from the hall, ae 
shown by the drawings. This was the 
arrangement connected to the hot-air fur- 
nace, and the owner did not wish to have 
It discontinued, as he thought it drew 
the cold air from the floors, which It un- 




FIG. 77-PLAtJ OF A SUCCESSFUL 



floors taken up or any dirt made in the 
house. He was willing, however, that 
Indirect radiation should be placed in 
the cellar, and that the fresh air should 
be taken from a remote point In the 
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doubtedly did. All the other stacks were 
inclosed with wood, lined with tin and 
left open at the bottom. 

The pipes in the basement were all 
thoroughly covered, and a gate valve was 
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attacbed to the steam and return ends of The air ducts and reglaters which vere 

each radiator. Where the return dropped used for the hot-air furnace were not 
from the stack it was carried below the changed In any manner. The stacka were 




FIG. 78— PLAN OF A SUCCESSFUL INDIRECT STEAM JOB. RESIDENCE, FIRST FLOOR FLAN 

water line of the Iwller and then con- set as close to. them as possible, and In 
nected Into the line of a return pipe, some cases were set directly under them. 




no. 79-PLAN OF A SUCCESSFUL INDIRECT STIAM JOB. RESIDENCE, SECOND FLOOR PLAN 

which was carried around the basement A direct radiator waa placed In the 

wall to he out of the way until it reached kitchen because It had never been 
tlie return of the boiler. warmed, and the only aTallable space for 
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it was under a sink, where there was 
very little chance for a circulation of 
air, and as a consequence the size of it 
was increased about 50 per cent, more 
than is customary for a room of that 
size. 

It was not considered practicable to 
heat the ballroom on the third floor 
through the existing air ducts, and to 
that room were run two risers connected 
to direct radiation. 

In the basement was placed one boiler 
with a little more than one-half the re- 
quired capacity. The owner of the house, 
who was a large manufacturer, intended 
to make a special boiler in his own shops 



furnishing sufficient vapor to warm the 
indirect radiation. 

Had this radiation been connected di- 
rectly with the cold air, such a feat 
would have been impossible, but only 
enough air was let into the basement at 
large to keep it fresh. 

This apparatus was installed in 1894. 
In 1895 a second boiler was cross con- 
nected with! the first one. This second 
boiler is only used in the severe weather, 
as they find the first one will do all the 
work that is necessary in the fall and 
spring and the moderate weather during 
the winter. 

The apparatus has been entirely satis- 
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FIG. 80-PLAN OF A SUCCESSFUL INDIRECT STEAM JOB. RESIDENCE. THIRD FLOOR PLAN 



to install alongside the cast-iron boiler 
at a later time, but instead of this he 
neglected the matter until cold weather 
came on. and, finding that one boiler was 
furnishing vapor sufficient to warm the 
house, he determined to go through the 
winter with it. Of course, the boiler was 
entirely too small, but by giving the fire 
careful attention and running it at a 
high rate of combustion they were able, 
during the entire winter, to keep the 
house as warm as desired, the boiler 



factory in every resi>ect, every part of 
the house being thoroughly warmed, and 
these plans are now published with a 
view to showing what can be done in 
houses equipped with a hot-air furnace 
which is not giving satisfaction. There 
are many places where an indirect sys- 
tem such as this can be installed for less 
money than it would cost to put direct 
radiation in each room, and, besides that, 
the house is not cut up in any manner, 
the work all being done in the basement. 



CHAPTEU XVI. 



THE four plane. Nob. ES. G9. TO 
and 71, show a hot-water beat- 
ing apparatus which was plae«d 
In a (40.000 residence in 1S96: 
so It hai: been In successful operation 
for eight winters. 

Referring to the basement plan, Fig. 
6S. There are two boilers situated In the 
extreme rear end of the building, which 
is 100 feet deep. Each of these boilers 
has a Are pot 3S inches in diameter. 
which gives a grate area of 7.8 square 
feel. The outside diameter of the boilers 
is 45 inches, and they are 68 inches high. 
The catalog rating of the boilers Is 2.500 



Ing. 

The return pipe is laid In a concrete 
trench in the hall of the basement floor, 
and is covered with cast-iron trencb 
plates made in sections, each about 36 
inches long. This trencb is kept close to 
tbe wall, and wherever the braucb Is 
connected to the main return, the trench 
plaies are so arranged that the joint 
comes at that point, one-half of tbe diam- 
eter of the pipe being cut out of each 
plate where they matcb logelher, as 
shown In sketch. Fig. 72. 




FIG.S 



aqnare feet each, and tor a temi>erature 
in tbe water below ISO degrees they are 
not over-rated. 

These boilers are botb attached to a 
chltnneT flue. 20 Inches x 20 inches square 
and about 55 feet In height. From the 
hollers are run two lines of flow pipe, 
each 4 Inches in diameter. These two 
lines of pipe are carried helow the cell- 
ing Joists of tbe basement until they 
reach the billiard room, which la In the 
front of Itae basement, where they rise 
78 



As the flrst floor of this residence Is 
warmed by Indirect radiation, the indi- 
rect stacks for same are hung In the 
basement beneath the floor Joists, the 
heavy ones being suspended by one or 
more columns made of 2-lncb pipe with 
floor flanges, as was shown In detail in a 
former article. 

The air supply for these Indirecta la 
taken from the front of the building into 
a cold air or settling chamber, which Is 
fltted with removable cheese cloth fllters 
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which sOectually prevent any dust from 
entering tbe rooma through the r^eters. 
As this freeh^alr duct could not be car- 
ried on the celling of the billiard room, 
It was neceaaary to put It under the floor. 



At the holler there were cut-off valvea 
on flow and return pipes ao that either 
boiler could be cut out in case of emer- 
gency, and to prevent an accident In case 
of a Ore being made In a boiler before 




N OF RESIDENCE; U FT. 4 IN. HIGH IN CLEAR; WINDOWS S FT. HIGH 
r RADIATION: 7 STACKS AND REGISTERS 3*8 SO- FT 
DIRECT RADIATION; 5 RADIATORS. 3 COILS 



and to make It perfectly safe and free 
from sewer gas, heavy vttrlfled tile pipe 
was used with cement joints. As this' 
could not be put Into a single pipe, two 
pipes were used side by side, the com- 
bined area of these two pipes being 1,100 
square Inches. 
After passing under the billiard room 



the valves were opened, there was placed 
on each boiler a reliable pop safety valve 
2 Inches In diameter. 

Every flow and return pipe leading 
from the mains was valved and furnished 
with a %-lnch steam cock, to which could 
be attached a %-lnch garden hose. By 
abutting off these valves and drawing 




FIG. TO-SECOND FLOOR PLAN OF.RESIDENCE: 10 FT. 6 IN. HIGH IN CLEAR; WINDOWS 7 FT. HIGH 

floor the air was then carried to the cell- the water out of a group, radiator repairs 

Ing In a wooden box and distributed to could be made In the event ot leak or 

the various stacks from that point along accident, without shutting down any part 

the celling. of the plant except the two or three radi> 
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atora on a given line. These valves are 
somewhat unusual as they add quite a 
little to the cost of installation, and few 
owners care to pay for the additional ex- 
pense. 

The flow pipes in the basement were 
not covered, but the return pipes in the 
^onduit were thoroughly covered to pre- 
vent loss of heat. 

In the entire building there were 34 
direct radiators, containing 2,029 square 
feet; there are seven indirect stacks, con- 
taining 1,120 square feet, making a total 
of 3,149 square feet of radiation. The 
piping will aggregate 30 per cent, of this, 
or 950 feet, and as the air was tempered 



10 feet in the clear, windows 7 feet high. 
In the ball room, which has an arched 
roof, the extreme height is 14 feet, as 
shown in section. 

The necessary radiation for this resi- 
dence was computed by the heat trans- 
mission rule for direct radiation, adding 
50 to 75 per cent, for the indirect. Not 
a very exact method. Figuring from cubic 
contents alone, the ratio of indirect in the 
parlor is 1 to 16; in the library, 1 to 23; 
in the hall, 1 to 17%; drawing room, 1 to 
20%; den, 1 to 17; kitchen, 1 to 27 direct; 
conservatory, 1 to 12 direct. The second 
floor is all direct. Family chamber fig- 
ures 1 to 24; south chamber, 1 to 30; 




FIG. n—THIRD FLOOR PLAN OF RESIDENCE; 10 FT. HIGH IN CLEAR. EXCEPT BALL ROOM; 

WINDOWS 7 FT. HIGH; 9 DIRECT RADIATORS 661 SQ. FT. 



by the inside air before entering the 
radiators, there was added for additional 
cooling power to indirects 50 per cent, 
or 560 feet, which made a total boiler 
load of 4,659 square feet. 

The boilers selected, as before stated, 
were rated by the makers to carry 5,000 
square feet, and they have proved to be 
of ample capacity; no change having 
been made in the apparatus in any man- 
ner since it was installed. 

The height of ceiling in first floor is 
11 feet 4 inches in the clear. The win- 
dows are 8 feet high. On the second 
floor the height of ceiling is 10 feet 6 
inches in the clear, windows 7 feet high. 
In the third floor, the height of ceiling is 



daughter's room, 1 to 29; guest chamber, 
1 to 36; northeast chamber, 1 to 22 Mj; 
bath rooms, 1 to 20. 

The third floor is all direct and the 
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FIG. 72— C. I. TRENCH PLATE. SHOWING OPEN- 
ING IN JOINT FOR RISER 

ratio figures: Bath room, 1 to 34; south 
chambers. 1 to 32; southeast chamber, 
1 to 23; northeast chamber, 1 to 25. 

The direct radiators are flrst given a 
coat of priming, and are then decorated* 
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in tints to correspond with the tint of ing room, which is finished in Flemish 

walls, so that they are not at all con- oak, the register is a dark bronze, while 

spicuous. in other rooms which have light oak 

The indirect registers are electroplated floors, the electroplating is made to har- 

to harmonize with the floors. In the din- monize with the light oak. 



CHAPTER XVII. 

l-LANS OP A WATEB-HEAIING APPARATUS WITH DIRECT WINDOW RADIATION— PI^NB 

OS* A DIRECT AND IXDIRKCT WATER-1IEATI.N<S AI'PA 11 ATUS— PLANS OK A 

STEAM-IIEATINO APPARATUS IN A TWO-i-LAT BUILDI.SU. 



FLOOR plans Nos. 73, 7*. 76 aad 76 
repreeent hot-water heating plans 
tor a flue residence, the radiation 
being nearly all compoeed of win- 
dow radiation. 

Referring to the basement plan. No. 73, 
there are two round cast-iron boilers, 



flow being taken out of ihe top and the 
return entering the side of the main. 
Two lines of pipe are run, a 3-lnch cir- 
cuit tor the tront ot the house and a 
4-lncto for the rear. 

The basement radiators are ted oft the 
side ot the pipe and return under the 




F1G.73— PLANS FOR HOT WATER HEATING PRIVATE RESIDENCE. 



PLAN.CEILINGSFT 



each ot 1.200 feet capacity. These hollers 
have grates 28 inches In diameter. 

The entire amount ot radiation in the 
building Is 1.391 square feet. The piping 
and underground radiation bring the 
cooling surface up to an equivalent ot 
1.800 square feet tor the holler load. The 
piping Is so arranged that the flow and 
return water traverse the aame pipe, the 



the radiators standing on a ped- 
estal 12 Inches in height Co increase the 
circulation ot water through the radi- 
ators, as there was no opportunity to In- 
crease the circulation by running up to 
the second floor, as would have been done 
bad there been an opportunity. 

Turning to the second floor; the pipes 
connecting the window radiators are 
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Bliown on the plan, aa they appear be- 
tween the floor and celling of the flrat 
floor, and here, aa In the baaement, thri 



where the radiator la set out from the 
wall about 2 Inchee, and between the top 
of the radiator and the bottom of the 




75-PLANS FOR HOT WATER BEATING SECOND FLOOR PLAN, 10 FT. CEILING 



flow pipe Is taken off the top ot the pipe 
and the return enters the side. By thl-j 
method but one set of risers Is necessary. 



wood seat Is a space of 3 Inches. From 




The correct method of setting these 
window radiators Is shown in Fig. 77, 



FIG, 78 -INCORRECT METHOD OF PLACING 
SEAT OVER WINDOW RADIATOR 

the bottom of the front part of the wood 




FIG. 76-PLANS FOR HOT 



HEATING, THIRD FLOOR PLAN. 10 FT. CEILING 
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seat to the back wall and thence extend- An Incorrect method ol setting window 

Ing to the floor, 1b a aheet metal lining radiators la shown In Fig. 7S. In thia 
made either of zinc, aheet tin, or light sketch, the radiator 1b shown set close 







FIG. aO-PLANS FOR HOT 

galvanized Iron. This metal lining grad- 
ually rises from the back to the front of 
the radiator bo that the nlr. In pasBlng 
under the radiator and rising to the top, 
will have a tree outlet at the front of the 
window seat. 



against the back wall with the window 
seat set close to the top. and in front of 
the seat a wood curtain, which effectually 
boxes in the radiator and prevents a free 
circulation of the heated air Into tbe 
Most men looking at thie sketch 
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would say that it was an exaggeration, 
but it is a fact that in many instances 
window radiation is placed in the man- 
ner described, and then the parties inter- 
ested wonder why it does not heat the 
room. It should be remembered that win- 
dow radiation heats the air almost eu- 




FIG. 82— THIRD FLOOR PLAN. CEILING 9 FT 

tirely by convection; that is, the air from 
the floor enters the radiator at the bot- 
tom, and passing up through it is 
warmed, and these warm currents heat 
the air in the room. When a close top is 
placed on a radiator, it detracts very 
largely from its efficiency, but when tops 
or seats are placed as shown in Fig. 77, 
the radiator will do very efficient work. 
The apparatus described was installed 
in 1893 and has been very satisfactory in 



the third floor from 1 to 28 to 1 to 33. 

Floor plans Nos. 79, 80, 81 and 82 
show a direct and indirect hot-water 
heating apparatus in a fine residence in 
one of our large cities. 

In this apparatus are 1,589 square feet 
of direct and indirect radiation. For the 
boiler load we add 275 feet for the in- 
creased cooling power of the indirect and 
450 feet for the piping, making a total 
load of 2,314 square feet. 

The heater has a 38-inch gate, is 45 
inches outside diameter and stands 68 
inches high, being rated to carry 2.500 
square feet. The apparatus was designed 
to heat the building in zero weather, 
with the water leaving the boiler at 160 
degrees, and the specifications, in this re- 
gard, have been fully carried out. 

In this installation, the direct radia- 
tion is carried on a one-pipe circuit, the 
fiow being taken out of the top of the 
pipe and the return entering the side. 
The indirect is connected to a fiow and 
return system, the height of the cellar 
being such that the returns are carried 
along the ceiling instead of being carried 
underneath the fioor, as is customary. 

The ratio of indirect radiation to cubic 
contents is 1 to 19 in the hall; 1 to 14 V2 
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FIG. 83-PLANS FOR STEAM HEATING. BASEMENT PLAN TWO FLAT BUILDING 



every respect. The radiation in the base- 
ment rooms is figured 1 to 23. This 
seems very high, but this was done to 
compensate for the lessened efficiency of 
the basement radiators, which do not cir 
culate as well as do the radiators on the 
upper fioors. In the dining room on the 
first fioor, radiation is figured 1 to 19%; 
in the parlor, 1 to 24; in the library, 1 
to 25. On the second fioor, the rooms are 
figured from 1 to 22 to 1 to 27, and on 



in the reception room; 1 to 14 in the 
library, the direct radiation being figured 
from 1 to 20 to 1 to 27. 

The valves and registers in this house 
were all plated to match the wood work, 
and made a very handsome appearance 
when finished. This is a good example 
of a mixture of direct and indirect hot 
water heating in a modern, high price 
residence. 

Floor plans Nos. 83. 84 and 85 repro- 
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sent a small, two-story flat building Turning to Fig. 84, which is the first 

which is heated by low-pressure steam. floor plan, we find the parlor, which 

There is very little to say about this in- fronts east is figured 1 to 40; the back 

stallation except that there are 495 square parlor, which has no windows and Is 
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FIG. 84-FIRST FLOOR PLAN TWO FLAT BUILDING, 10 FT. CEILING, 19 RADIATORS, 496 SQ. FT. 



feet of radiation in the building, to which 
we add 100 square feet for the piping, 
making a total of 595 square feet. The 
steam boiler If a round, cast-iron sec- 
tional boiler with a 25-inch grate and four 
sections over the fire, being rated by the 
manufacturers to carry G50 square feet. 



lighted from the front, is figured 1 to 72; 
the dining room is figured 1 to 42; the 
bedroom with a south exposure is figured 
1 to 56; the rear bedroom, 1 to 48; the 
kitchen, 1 to 32: the othefr bedroom, 1 to 
54, and the hall 1 to 40. This ratio of 
heating surface was found to be quite 
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FIG. 85 -SECOND FLOOR PLAN TWO FLAT BUILDING. 10 FT. CEILING 



The piping is divided into two circuits, 
the front and back being equally divided. 

This installation is a fair example of 
the present method of steam heating in 
an ordinary fiat building. 



enough for severe weather, and as the 
job has been in operation since 1896 
without any repairs or alterations, it is 
fair to assume that the apparatus has 
been satisfactory to the owners. 



CHAPTER XVI 11. 

DIRECT WAl'BR HEATING APPARATUS IN CITY BLOCK. 



THE floor plans shown herewith, 
Figs. 86 to 89, inclusive, rep- 
resent a city house, built in a 
block. The material is brick 
on sides and back, and cut stone front, 
the roof being the usual flat roof covered 
with tar and gravel. The quantity of 
radiation in the different rooms was 
computed and specified by the archi- 
tect, who, in his anxiety to have suffi- 
cient radiation, called for more than was 
actually required. The size of each room 
with the glass and wall exposure, is fig- 
ured on the plans, and the ratio to cubic 
contents of the radiation is also shown. 
In the following table we show in the 
first column the radiation installed in 
each room and in the second column the 
radiation required, the latter figures be- 
ing computed from the heat transmitted, 
assuming that the house is to be kept at 
70 degrees when the external tempera- 
ture is zero, and with one change of air 

per hour. Radiation Radiation 

• Installed. Required. 

8q. ft. Sq. ft. 

Basement . •. 56 56 

I^andry 20 20 

FIret Floor — 

Parlor 110 75 

Hall 168 82 

Sitting room 84 56 

Dining room 126 85 

Plate warmer 10 10 

Kitchen 90 75 

Second Floor — 

Front chamber 120 95 

Hall 84 60 

Main chamber 80 54 

Bed room 56 48 

Bath room 59 59 

Rear chamber 64 68 

Alcove 28 26 

Attic 120 80 

Hall 28 28 

Senrants* room 44 38 

1847 1015 

Excess radiation 332 square feet. 
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By this table it will be seen that the 
excess radiation is 332 square feet. The 
apparatus has been in operation about 
ten years, and has always worked very 
satisfactorily, but owing to the excessive 
amount of radiation, the water in the 
« boiler is rarely carried above 130 degrees. 

By referring to the basement plan of 
this house it will be seen that the main 
flow pipe leaving the boiler is 4 inches. 
This runs on a level until a 3-inch branch 
is taken ofT the side, and a 2%-inch 
branch off the end. The flrst tee of the 
3-inch branch comes off the top and is 
carried to a riser, which relieves the en- 
tire system of air, as the mains pitch 
down away from the boiler, from the 
junction of the 3-inch and 2V^-inch pipes. 
The 3-inch main is carried along the 
ceiling near the north wall, until it 
reaches the west end of the basement. 
Here it turns south, until all the radi- 
ation and risers are taken off, when it 
drops and is carried back to the boiler 
beneath the concrete floor in a trench 
prepared for the purpose. 

As will be seen by the plans, a part 
of the radiators return the water into 
the same pipe from which the flow is 
taken. Another portion of the radiation 
is fed off the flow pipe, and the returns 
are dropped into the main return, which 
runs under the floor. The circulation of 
the water in the apparatus is excellent. 

The boiler installed on this apparatus 
has a round flre pot 35 inches in diame- 
ter. The outaide diameter of the boiler 
is 42 Inches and the height 60 inches. It 
is connected to an 8-inch by 12-inch tile 
chimney, with 9-inch round smoke pipe. 
The boiler is rated to carry 1,850 square 
feet, with the water leaving the boiler at 
180 degrees. There are connected to this 
boiler twenty-seven radiators, containing 
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1,327 HQuare Teet, to which we may add passes through the radiators. There toj 
400 feet tor the pipe, making 1.727 teet. also a. low radiator under a seat i 
Inasmuch as It is not necessary to heai Coot of the stalre. 




FIG .86— BASEMENT PLAN OFTWO RESIDENCES SHOWING ARRANGEMENT OF HEATING SYSTEM 

the water above 130 degrees, the boiler It trill be noticed by reference to tbe 

Is. of course, of ample size. table that the radiation In the ball la 

Turning lo (he first floor, the radiation just about double Ihe quantity required. 




FIG. 87— FIRST FLOOR PLAN OF A CITY RESIDENCE, SHOWING LOCATION OF RADIATORS. ETC 

for the parlor U placed under a seat, because the hall will only loae Its heat 
The seat la 4 Inches above the top of the to the upper hall, and tbat being tbor- 
radlators. and ts lined with light galvanlz- oughly warmed, there Ib really Tery llttls 




FIG. 8E— HEATING A CITY RESIDENCE. SECOND FLOOR F 

ed sheets, both back and top of radiator, loss of heat, and, as a matter of tact, the 
the lining curved to admit of an easy parlor and sltling room radiatorx ' 
(low of the air Into the room after it frequently shut off. even during the win- 




HOUSE HEATING BY STEAM AND WATER. 



85 



ter, there being sufficient heat in the hall 
for all of these rooms. 

In the butler's pantry on this first 
floor, there is a plate warmer, made of 
pipe coll, which is a very great conven- 
ience to the housewife. 

On the second floor the radiation in 
the front room is also placed under a 
seat, and in the bath room will be noticed 
a pipe coil which is placed under the 
floor to give warmth to the tile flooring. 
To permit of the introduction of this coil 
the bath room floor was lowered two 
feet, and the ceiling beneath the bath 
room floor was made of paneled wood. 
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ticed by reference to the table, that the 
radiation installed is 4 feet less than the 
quantity required, but this is the only 
room in the house in which the radiation 
is not largely in excess of requirements. 

In the attic there are four radiators, 
two low radiators in the front room, one 
in the servant's room, and one in the 
hall. 

The only objection that can be urged 
to placing so much radiation in this 
house is the wall and floor space that it 
occupies. 

Where the owner and architect are 
willing to pay for more radiation than is 
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FIG. 89-THE ATTIC FLOOR PLAN. SHOWING SERVANTS' ROOM AND STORE ROOM 



put up in such a manner that it could 
be easily taken down to give access to 
the coil, in the event of its requiring 
repairs. 

The air was taken from this coll by a 
•"^i-lnch vent pipe, which connected to 
the flow pipe leading to the bath room 
radiator. 

In the rear chamber it will be no- 



required, that is their lookout, but where 
radiation is flgured by a heating con- 
tractor, under keen competition, he will 
flnd It greatly to his advantage to know 
exactly how much radiation Is necessary 
to warm a given space. Many a man has 
lost a job of beating because he flgured 
more material than was necessary to do 
the work. 



CHAPTER XIX. 



PIPING PLANS FOR WATER HEATING IN A SMALL CITY RESIDENCE- FIGURING 

RADIATION BY HEAT TRANSMISSION. 



THE floor plans shown herewith 
represent a small city resi- 
dence, warmed with a hot wa- 
ter heating apparatus. The 
lower floor Is warmed with indirect radi- 
ation and the second floor with direct. 
There are 336 feet of direct radiation 
and 480 feet of indirect. 

In selecting a boiler of the proper size 
for this t^'ork, we add 50 per cent, to the 
indirect, or 240 square feet, and 250 feet 
for mains and risers. This will make a 
total of 1.336 square feet. To take care 
of this radiation a round boiler was se- 
lected, having a 32-inch fire-pot, which 
gives us a grate area of 5.6 square feet. 
The outside diameter of the boiler is 40 
inches and the height 60 inches. Figur- 
ing both sides of the horizontal surfaces 
inside the heater, there was 85 square 
feet of heating surface. 

This heating apparatus was installed 
about nine years ago, and has been very 
satisfactory in every respect. 

The cold air is taken from the cellar at 
large, and the cellar air is kept clean and 
sweet by a system of ventilation from 
distant points. This keeps the cellar air 
comparatively cool and tempers it some- 
what before entering the inflirect stacks. 

The main flow pipe for the rear end of 
the building is 2V2 inches, and pitches up 
from the boiler to the point marked on 
the plan "High Point." From there It 
pitches down toward the boiler until it 
reaches the point marked on the plan 
"Drop Here." where it drops to within 
18 inches of the basement floor and is 
then carried along the wall to the boiler. 

The indirect stack of 150 square feet is 
fed from the side of this 2Vj-inch main 
by a 1%-inch branch, and the return en- 
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ters the main return after the latter has 
dropped to a point near the floor line. 

The direct radiation is taken off the 
top of this 2%-inch pipe and returned 
into the side, making it, in effect, a oue- 
pipe circuit, with the exception of the in- 
direct, which, as has been explained, dis- 
charges its return water into the main 
return after all other radiation has been 
taken off. 

For the front of the building there Is 
carried a 3-inch main, which rises until 
it reaches the place marked on the plan 
"High Point." From this point the pipe 
is carried across to the wall and dropped 
near the floor, the same as was done on 
the other line. 

To supply the two indirect stacks with 
hot water, a 2-inch branch is taken off 
the side of the main, each stack being 
fed IV2 inches. The returns from these 
two stacks go back and drop into the 
main return line, after all other radi- 
ation has been taken off. The chimney 
flue for this plant is 12 x 12 inches, and 
is 35 feet in height. The pipe in the 
basement is not covered. 

On the first floor there are two regis- 
ters taken off the double stack; each reg- 
ister is 14 X 22 inches, and the heat from 
these two stacks takes care of the parlor, 
hall, reception hall, and hall and passage 
on the second floor. 

In computing the radiation required 
for this building, it was estimated that 
the air would change in these rooms four 
times per hour, and that the air in the 
dining room, when the doors would all 
be closed, would change six times per 
hour, and the radiation was figured ac- 
cordingly. 
The risers, as will be seen by the 
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plan are all concealed in the partitions. 

On the second floor the radiation was 
all made with special wide tops, and were 
fitted with saddles carrying Mexican 
onyx tops. This, of course, would detract 
somewhat from the heating efliciency of 
the radiation, but the house being well 
buUt and the radiation ample, there has 
never been any difliculty in keeping up 
the temperature required in all kinds of 
weather. 

The expansion tank is placed in the 
top of a closet opening off from room "M" 
on the second floor; the overflow from 
this, which is not shown in the plan, is 
carried back and drips into the laundry 
tubs. The tank, however, being of ample 
size, has never given any trouble in over- 
flowing, and probably never will. 

The size of each room is shown on the 
plans, the height of the flrst floor ceiling 
being 10 feet and the second floor 9 feet 
6 inches. For the beneflt of those who 
wish to make comparisons, we show on 
the plans the square feet of glass and 
exposed wall, also the cubic feet of air. 

In this house we were obliged to make 



that with indirect heating and a good 
aspirating chinmey, the air in the rooms 
will change on an average four times per 
hour. 

As there is an air space between the 
ceiling and roof, we will figure the loss 
of heat by transmission through the ceil- 
ing at 0.129 B.^T. U. per square foot per 
hour for one Fahrenheit degree of tem- 
perature difference on the two sides, and 
as the air changes four times per hour 
and one B. T. U. will raise the tempera- 
ture of 50 cubic feet of air one degree, 
we find the factor for one change of air 
1.4. by dividing 70 by 50. and 1.4 X 4 = 
5.6, as the multiplier for the air. 

We have then multipliers as below: 

Multipliers. 
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(JIasa 

Hriok or 8tone wall 22 

< Vilinp: under roof 9 

Cu. ft. of air, change once per hour.... 1.4 
Cu. ft. of air, change twice per hour. . . . J2.S 
(Mi. ft. of air. change 3 times per hour. . 4.2 
("ii. ft. of air, change 4 times per hour. . 5.6 
Cu. ft. of air, change 5 times per hour. . 7.0 
Tii. ft. of air. change 6 times per hour.. 8.4 
As the rooms A, B, C, on first floor, and 
on second floor the hall and passage, H 
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FIG. 91— FIRST FLOOR PLAN OF A CITY 

some allowance for the loss of heat 
through the ceiling of the second floor 
rooms, as there was a very small air 
space between the ceiling and the roof. 

The temperature of the rooms is con- 
trolled by a Powers thermostat, which is 
])laced in the dining room, the location of 
same being shown on the plan. 

To warm all the rooms in this house 
o^ually to 70 deRrees in zero weather, we 
first ascertain how much heat will be lost 
per hour by transmission and how much 
heat will be required to warm the incom- 
ing air. 

F'rom numerous experiments, we know 



RESIDENCE HEATED BY HOT WATER 

L. are all figured as one room and are 
warmed with one stack of indirects, we 
proceed as follows: 

(ilass 120 X 72 = 8.640 

Wall 290 X 22 = 6,380 

relllng. 2d floor 120 x 9 = 1.080 

(Ml. ft. ah 7.480 x 5.6 = 41.888 



Total heat required per hour in 



Divide by 175 the heat furnished per 
hour by one square foot of the indirect 
stack, and we find the radiation required 
is 326 square feet. The stack installed 
to heat these rooms contains 330 square 
feet. 

Ratio 1 :22M! cu. ft. air. 
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In room B the air will change six times 
per hour, as there is an aspirating flue in 
the room. Here we have: 

Glass 70 X 72 = 5,040 

Wall 150 X 22 = 3.300 

Cu. ft. air 1,960 x 8.4 = 16,464 



Total heat required per hour in 

Divide by 175 = 142 sq. ft. This stack in- 
stalled to beat this room contains 150 sq. ft. 

ROOM E. 

Glass 30x72 = 2,150 

Wall 200 X 22 = 4,000 

Cu. ft. air 1.320 x 1.4 = 1,850 

Total heat required per hour in 

B. T. U 8,000 

Divide by 150 for direct = 53 sq. ft. radia- 
tion. 

Ratio — 1 : 25 cu. ft. air. 

There are only 37 square feet in the 
radiation installed, which was used for a 
[)Iate warmer, the room being warmed 
by the range. 

On second floor. 

Room F. Air change twice per hour. 

Glass 70 X 72 = 6,040 

Wall 140 X 22 = 3.008 

Ceillnj? 288 X 9 = 2,600 

m. ft. air 2,740 x 2.8 = 7.700 



Total heat required per hour in 

Divide by 150 = 123 sq. ft. radiation. 

Hario — 1 : 22 cu. ft. air. 

Radiation installed— 127 sq. ft. 

Room G. Air changed twice per hour. 

(JlasR 20x72 = 1.440 

Wall 20 X 22 = 404 

Oiling 154 X 9 = 1.390 

Cu. ft. air 1.460 x 2.8 = 4.088 

Total heat required per hour in 

B. T. r 7,358 



Divide by 150 = 49 sq ft. radiation. 
Ratio — 1 :30 cu. ft. air. 
Radiation installed 52 sq. ft. 
Room K. One change of air per hour. 

Glass 30x72 = 2.160 

Wall 100 X 22 = 2,200 

Ceiling 160 X 9 = 1.440 

Cu. ft. air 1,410 x 1.4 = 1,990 

Total heat required per hour in 

B. T. U 7.790 

Divide by 150 = 52 sq. ft. radiation. 

Ratio— 1 :27% cu. ft. air. 

Radiation Installed 48 sq ft. 

Room M. Air changed twice per hour. 

Glass 40 X 72 = 2.880 

Wall 110 X 22 = 2,410 

Ceiling 160 X 9 = 1.440 

Cu. ft. air 1,420 x 2.8 = 4.000 



Total heat required per hour in 



Divide by 150 = 72 sq. ft. radiation. 
Ratio — 1 : 20 cu. ft. air. 
Radiation Installed 72 sq. ft. 

Our object in publishing the plans of 
this house and describing it at length is 
to give a practical illustration of how re- 
quired radiation may be computed from 
heat transmission and transference. 

If the heating contractor, who has been 
guessing more or less on his work, and 
making mistakes, will take the trouble to 
give this method of figuring radiation a 
little serious thought, he will soon be 
able to adapt the system to any condition 
which he may meet in his business, and 
after Installing a few jobs figured in this 
way. he will be so pleased with the re- 
sults that he will never want to go back 
to the old methods. 



CHAPTER XX. 

IIKATINU A FACTORY iaTIW)lNG WITH STEAM WITH DIFFERENT TEMPERATURES ON 

DIFFERENT BOILERS. 



THE subject of this chapter is the 
heating of a factory building 
where different conditions pre- 
vail on different floors. The 
const ruction is cement blocks 12 inches 
thick, with a 4-inch air space, which 
should be a poor conductor of heat. 

In this building, the wareroom, which 
(HTupicB all of the first floor except the 
offlcos. is to be kept at a temperature of 
r»0 dogrcoH when the outside temperature 
is at xoro. The offices on this floor are 
lo lu» kept at 70 degrees. 

Owing to the frequency with which the 
doors are opened in the warehouse and 
shipping room, it is calculated the air 
will change at least twice i)er hour, and 
on this supposition the quantity of radi- 
ation nniuirtMi is computed. 

On the sei^ond and third floors provi- 
sion Is made by ventilators In the roof 
for changing the air twice |>er hour, and 
the air which enters is taken in through 
n^glsters on the side walls under the 
ht^itlng coils, which makes a very good 
and cheap arrangtMuent for ventilation. 

In computing the radiation required 
for a building of this kind, it Is imitera- 
live that the ht>atlng in>ntractor should 
have a KuowKHlge of the law of heat 
transmission U he exi»ei*is to get the 
pivi^r K)uanilty and distribution of the 
radiating surfaw. If It Is attemptevi to 
f<»urt» after the met hot) adopte^l by the 
givat maj^>rity of h«:\nttng contractors, 
the prxUvat^lllfv ts that the ftr^t floor 
would havo tw much radiation and the 
thtiM tt^vr would not have enough, 

A rvfewuvv to the plans show^ that 
the iMilMtug Is hesAte^l by IV, inch pu^ 
coll*. >ft>th the e\xvptt\u\ 1^ the o«ce, 
rhe*e pn^ xvtU are pU^v%! in $in|c> 



rows under the windows, where they will 
be at their highest efficiency, that is. they 
will condense more steam per square 
foot per hour in that position than in 
any other. The pipe coils on the first 
floor will condense more steam per hour 
than those on the second and third floors, 
because they are standing in cooler air, 
and the difference in temperature be- 
tween the steam in the coils and the sur- 
rounding media is greater. 

We will place the emission of heat per 
square foot per hour for the flrst floor 
coils at 350 B. T. U.; for the radiators 
on the flrst floor, which stand in the of- 
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FIG. 93 BASEMENT PLAN IN HALF 

flee, at 240 B. T. U.: for the pipe coil 
on the second and third floors at 30 
B. T. r. 

The multipliers in this case are th 
same as were explained and shown in 
table in a fornier article. 

In computing this radiation we woulc^ 
prxveed as follows: 

npsf floor: T^mpipnitiire 50 deg.. air t*: 
Iv rhaniN^ twl^ pw hour. 

^•'•*** 420 X 52 = 21.84*» 

^^■*'* 4.020x16 = G4.320 

!>' t\ *Jr $4,000 X 2 = 168.200 



I s>w cf IhNi: fci a T. r. per iMMr 255,360 

|vxi^ ty $» = ISO aq. ft. radtetkNi. 
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Office : Temperfttare 70 deg, air to be 
changed twice per hour. 

Glass oatside 60 x 72 = 4,320 

Glass, inside 40 x 20 = 800 

Outside wall 300 x 22 = 6,600 

Inside wall 680x7 = 4,760 

Cu. ft. air 5,400 x 2.8 = 16,120 

Loss of heat in B. T. U. per hour. . . . 81,600 
Divide by 240 = 130 sq. ft. radiation. 

Second floor : Temperature 70 deg., air to 
be changed twice per hour. 

Glass 1,280x72 = 02,160 

Wall 3,520 X 22 = 77,440 

Ou. ft. air 90,000 x 2.8 = 252,000 



l/oss of heat in B. T. U. per hour 421,600 

DiTide by 300 = 1,400 sq. ft radiation. 

Third floor : Temperature 70 deg., air to be 
changed twice per hour. 
Glass 1,280 X 72 = 92,160 



To do this work properly and easily 
we would select a cast-iron sectional boil- 
er, having 28 square feet of grate sur- 
face and 400 square feet of heating sur- 
face. To do the most effective work, 
about 60 per cent of the heating surface 
should be direct, or exposed to the direct 
action of the fire. 

The stack for this boiler, if not built 
of brick, should be a round steel stack, 
20 inches in diameter and 60 feet high, 
made of No. 12 W. O. sheets. 

Fig. 98 shows the basement plan; 
Fig. 94 the first fiodr, and Fig. 95 repre- 
sents the second and third floors, which 
are both alike, except that the third 
floor, having the additional cooling sur- 
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FIG. 95-SHOWING FLOOR PLAN OF SECOND AND THIRD FLOORS IN A FACTORY BUILDING 



Wall 3,520 X 22 = 77.440 

Roof 7,500 X 22 = 165,000 

Cu. ft. air 90.000 x 2.8 = 252,000 



Ix)88 of heat in B. T. U. per hour 586,600 

Divide by 300 = 1,950 sq. ft. radiation. 

The total amount of radiation and 
coils is 4,210 square feet. It is usual to 
allow 20 per cent, of the steam radiation 
for the mains, but in this case, as the 
coils are made so that they will return 
their own condensation, there is very lit- 
tle additional pipe and fittings. We may 
call it, however, 10 per cent., or 420 feet, 
and so we have to provide boiler power 
for 4,600 feet of radiation. As a portion 
of this radiation, however, stands in a 
temperature below 70 degrees, and as all 
of the radiation is placed where it will 
be of the highest efficiency, we will be 
safe enough in selecting a boiler that will 
have a capacity of not less than 6,000 
Hquare feet of radiation. 



face of the roof, requires more radiation 
and the amount of radiation required by 
this floor is marked on the second floor 
plan. 

Turning to the basement plan, we show 
two 6-inch pipes rising from the steam 
dome of the boiler. These are carried 
in one 6-inch pipe to the foot of the main 
riser, where the size is reduced to 5 
inches. This 5-inch riser is shown in the 
elevation plan, Fig. 96. This main steam 
pipe is carried along the ceiling of the 
first floor to about the center of the 
building. At this point there is placed a 
tee 5 X 5 X 3. Out of the 3-inch opening a 
branch is run to the west side of the 
building, where it rises 2% inches to the 
third floor, and from this 2%-inch riser 
are fed coils "J" on second floor and "K'* 
on third floor. The coils are fed 2% 
inches. The steam in these coils runs 
down hill to the north end of the huild- 
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Ing, where the condenaatlon drops to a 
Bingle return pipe, which la brou^t bacb 
to the north, at which the steam enters 
the coll, and from there ia dropped to the 
return In the baaement 

Prom the eada of the 64nch tee, the 
main ia continued 6 inches for about 2 
feet. At that point la placed a Bx3 ell, 
which looks down. A nipple Is placed 
between that and a 3-lnch elbow and a 
3-inch pipe ia carried across the celling 
to the east Bide of the building. At tbla 
point it risea Z% Inches to feed coll L, on 
second floor and M on the third floor. 
The retom from these colls cornea back 
to the place of starting the aame as tbey 
do on the west side of the building, and 
are there dropped to the return in base- 




FIG. 99-ELEVATiON. S-INCH RISER IS SHOWN 

ment. This return ia made 2^. inches in 
diameter. I>ecauae from it Is fed the two 
radiators In the offlce on the first floor. 
It continues 2% Inches until It passes 
tile radiators, where It may be reduced by 
a reducing ell to 2 Inches and carried 
thence to the boiler. 

The expansion of the comer colls will 
principally be in the corners and at that 
point. Instead of using the ordinary 
hook plate, there should be an expansion 
plate hanger, which has straight rests on 
It Instead of cnrved. This prevents any 
binding at that point and the coll will 
not buckle. 

Coils "B" and "C" on the flrst floor 
do not turn the comer, and they must, 
therefore, be made with a vertical miter 



and ted at the top. These colls are both 
fed off the 3-inch branch which comes 
from the steam main. One and one-half 
Inches will be large enough to feed them. 
The coils "B," "F," "O" and "H" are all 
fed directly from the top of the main 
riser where It leaves the holler, and the 
steam In these coUa all runs to the fur- 
ther end, and there the return, IVt, Inches 
In size, drops to the basement and ia 
there connected to the return. 

The main return on the west aide of 
the building la below the water line. 
On the east side of the building it Is kept 
well above the water until the two offlce 
radiatora are taken off. After that It 
may drop below the water line If de- 

The wall strips, to wbicb are attached 
the hook plates for suspending the colls, 
should be made of good white pine, 1^ 
Inches thick. The brick or cement la 
then drilled at one or two points and lag 
screws with expansion sleeves, should be 
used to bold them in place. The hole Is 
drilled In the cement or brick with a 
piece of pipe which Is serrated on its 
end. The hole Is made so the expan- 
sion sleeve will enter easily. When the 
plate Is screwed to place, the sleeve is 
Jammed so tightly into the hole that It is 
Impoeslble for tt to work loose. Where 
a hole is drilled In the wall and plugged 
with wood, and the wall strip fostened 
to these wooden plugs with wood screws, 
they will soon work loose and the colls 
are liable to tumble down. Work of 
this kind should be very carefully done. 
In making up the Joint care should be 
taken that the threads are perfectly 
clean and that they are made up Into the 
flttlngs so they will be tight. Instead of 
using right and left couplings, which can 
rarely be depended upon for a tight Joint, 
it la better to use In the comera right 
and left ells. 

The return pipe which comes back 
under the long colls should have a great- 
er pitch than the coll Itself, as It carries 
the condensed water of all the pipes and 
It will be necessary to give it a strong 
pitch so it will clear Itself of water 
easily. 
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The fuel for operating a Job of this run in the basement, one branch on each 
kind may be hard coal, egg size, or any side of the building, but there would be 
good caking soft coal, or a mixture of nothing gained by doing so. On the con- 
soft coal and coke, which makes an ex- trary, the cost of pipe and fitting would 
cellent fuel. be greatly increased, as would also the 

The mains for this Job could all be condensation and fu^ demand. 
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CHAPTER XXI. 



WATER HEATING APPARATUS IN AN APARTMENT BUILDING— AN EXPENSIVE YET 
CRUDE INSTALLATION— SKETCHES SHOWING IMPROVED METHODS. 



W present in this article base- 
ment plans and typical floor 
plans of a three-story and 
basement apartment build- 
ing located in Western New York. This 
building was erected three years ago and 
in it there is installed a hot water heat- 
ing apparatus. Plan '*A," Pigs. 97 and 
98, show the apparatus as it was in- 
stalled and as it is to-day. 

The radiation in the different rooms is 
as follows: 

Sq. ft. 

Itasem«»nt. :? radiators 40', 30', 40* 110 

« Parlors, 6 radiators 100' each 600 

(> Dining rooms, 6 radiators 75' each... 450 
<» Chambers No. 1, 6 radiators 60' each. 360 
f. Chambers No. 2, 6 radiators 65' each. 390 

a Kitchens, 6 radiators 50' each 300 

« IlathH. 6 radiators 20' each 120 

:: Hall, 3 radiators 100', 80', 60' 240 

Total. 42 radiators, containing 2,570 

Add for piping 700 

IW>iler load 3,270 

The sizes of valves are as follows: 

6 Parlor radiator* have valves 1% in. 

(i IHnlng room radiators have valves.. 1% in. 
12 Chamber radiators have valves 1^ in. 

6 Kitchen radiators have valves 1^4 in. 

3 Basement radiators have valves.... 1^ in. 

1 Hall radiator has valves 1^ in. 

2 Hall radiators have valves 1V4 In- 

3 Bath radiators have valves 1 in. 

The boiler selected for this job has a 

catalog rating of 2,500 feet, notwith- 
standing the boiler load is 3,270 feet. 
However, the boiler is large enough to 
heat the building with the water ranging 
from 140 to 160 degrees. 

The steamfltter who installed this work 
had great difficulty in getting some of the 
radiators to circulate and he was put to 
a good deal of expense on this account. 
This was largely due to the proportion- 
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ing of the piping. It will be noticed by 
looking at the sizes of the valves used 
that the radiators were connected up to 
the standard tapping, irrespective of 
what floor they occupied or how far they 
were from the boiler. 

An estimate of the cost of the work 
complete is about $1,500, as follows: 

Boiler rated 2,500 ft |280.00 

2,570 sq. ft. radiation at 20c 514.00 

42 Radiator valves and ells at |1.80. 75.60 

Pipe and fittings 200.00 

42 days' labor, man and helper at |5. 210.00 

30-galion expansion tank 10.00 

Altitude gauge 1.50 

Thermometer 1.50 

Decorating ..." 50.00 

Pipe and boiler covering 125.00 

Incidentals 25.00 

Net cost 11,492.60 

The contract price was $1,380. The 
cost to the steamfltter before. he got the 
job to work so he could get his money 
was over $1,600. 

This job was figured wholly from cubic 
contents and no difference w^s made be- 
tween the first, second and third floors. 
When the radiators on a job of this kind 
are all fed from the basement, the flrst 
and second floors require less radiation 
than the third floor, for the reason that 
the radiation of the third floor does not 
receive water as hot as that on the flrst 
and second floors, and, furthermore, addi- 
tional heat is lost through the ceiling and 
roof. 

The risers and radiator valves in plan 
"A" are too large to almost every room. 
A reference to Fig. 97 shows that there 
are four radiators to be heated in the 
basement. The return from these radi- 
ators runs back to the boiler under the 
concrete and there rises to the boiler re- 



HOUSE HEATING BY STEAM AND WATER. 




HOUSE HEATING BY STEAM AND WATER. 



97 



turn about 24 inches. These radiators 

are fed at the top directly from a branch 

leading from the main flow pipe. Tlie 

steamfltting contractor has never been 

able to make these radiators effective. 

Under strong fires they will heat about 

one-third the way down and gas stoves 

have to be used in those basement rooms. 

Plan "B," Figs. 99 and 100, are plans 

of the same building and here the amount 

of radiation required is figured from heat 

transmission, as follows: 

Loss of heat per 
Parlors 12 x 19 x 10 — hour in B.T.U. 

Cubic feet air 2,280 X 1.4 = 3,200 

Square feet glass 51 X 72 = 3,680 

Square feet wall 259 X 22 = 5,700 

Divide by 150. 12,580 

Radiation required, 84 square feet. 
Mning rooms 10% x 16 x 10 — 

Cubic feet air 1,680 X 1.4 = 2,360 



Square feet wall 78 X 22 = 1.720 



Divide by 150. 4,845 

Radiation required, 32 square feet. 
Bath rooms — no exposure. 

Radiation required, 10 square feet. 
Lower hall — no exposure. 

Radiation required, 80 square feet. 
Second floor hall — 

No radiation required. 
Third floor hall, to compensate for loss of heat 
through roof — 

Radiation required, 50 square feet. 
Total, 35 radiators. 

This gives the total radiation 1,785 

square feet, distributed in 35 radiators, as 
follows: 

DISTRIBUTION PLAN "B." 

Sq. ft. 

Basement, 25 x 25 x 15= 75 

First Second Third 
Floor. Floor. Floor. 

Parlors, each 85 85 100 540 

Dining rooms, each.. 05 65 75 410 
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.%.PLAN G— HEATING A 3-STORY AND BASEMENT APARTMENT HOUSE. WESTERN NEW YORK 



Square feet glass 34 X 72 =r 2.450 

Square feet wall 231 X 22 =» 5,100 



Divide b7 150. 9,910 
Radiation required, 66 square feet. 

Chamber No. 1, 14^x10x10— 

Cubic feet air 1,450 X 1.4 = 2,030 

Square feet glass 17 X 72 = 1,220 

Square feet wall 83 X 22 = 1.820 



30 


35 


190 


35 


40 


220 


35 


40 


220 



riser 


50 


130 



Divide b7 150. 5,070 

Radiation required, 34 square feet. 

^•Ujber No. 2. 12 x 13 x 10— 

Cubic feet air 1.560 X 1.4 = 2,190 

^uare feet glass 17 X 72 = 1,220 

^uare feet wall 113 X 22 = 2.500 



5,910 



Divide b7 150. 

Radiation required, 40 square feet. 

^*^«hen 10x11x10— 

Cable feet air 1,100 X 1.4 = 1,540 

Sqoart feet glass 22 X 72 = 1.585 



No. 1 Chambers, each 30 
No. 2 Chambers, each 35 

Kitchens, each 35 

Halls, each 80 

Baths 2-inch riser 

1,785 
Number of radiators, 35. 
Size of radiator valves — 

Parlors, first floor, 1 ^4 inch ; second and 
third floors, 1 inch. All other valves. 
1 inch, except on bedroom radiators, 
which are % inch. 

The estimated cost of this job is 
$1,202.50, as follows: 

Boiler. 2,500 feet $280.00 

1,785 square feet radiation at 20c... 357.00 

35 radiator valves and ells at $1.50.. 52.50 
Pipe and flttings 160.00 

36 days man and helper, at $5.00 180.00 

30-gallon expansion tanlc 10.00 

Altitude gauge 1.50 



H0U8B HEATING BY STEAM AND WATER. 



V-vV'^VOA^- 



^•'-^^^¥^v^^^ 




HOUSE HEATING BY STEAM AND WATER. 



99 




FIG. 100. PLAN B-HEATING A 3-STORY AND BASEMENT APARTMENT IN WESTERN NEW YORK 

ators from the extreme outside to the 
inner walls. We may be criticised for do- 



Thermometer 

Decorating 

Pipe and boiler covering 
Incidentals 



1.50 

35.00 

100.00 

25.00 



Net cost ' .11,202.50 

In this plan we have changed the posi- 
tion of the parlor and dining room radi- 










ing this, but where rooms are of the size 
and shape of these parlors and dining 
rooms and the windows are fitted as tight 
as they ought to be, the position of the 
radiators in plan ''B" will be satisfactory. 
In the bath rooms we have eliminated 
the radiators and heat all bath rooms with 
a 24nch riser in each. These risers run 
through the ceiling of the third floor. At 
that point they are Joined together into 
one l^^-inch pipe, which crosses the ceil- 
ing of the hall between the Joists, drops 
to the third floor and there connects into 
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the return of the third floor hall radi- 
ator, which is enlarged to accommodate 
them. 

Referring to the basement plan. Fig. 
99, the pipe is a combination of flow and 
return and one-pipe circuit. The 2-inch 
risers which carry the parlor and No. 1 
chamber radiators, rises to the third floor 
where they form a loop and drop back 
to the basement. From the top of these 
risers an air pipe is carried to the ex- 
pansion pipe, which relieves both risers 
of air. The second floor radiators are 
connected to the return loop top and bot- 
tom. 

When this 2-inch pipe reaches the base- 
ment it divides and is connected to the 
basement radiators, in each case dropping 
through the basement floor by a by-pass 
into the submerged return. This sub- 
merged return carries the return water 
of the greater part of the radiation, as 
will be seen by reference to the plan. 

In the north end of the building a one- 
pipe circuit is used, in the usual manner. 
The flow pipes rising from the top of the 
pipe and the return entering the side. By 
this method of piping much less pipe is 
required than in plan "A.'' 

In Fig. 101 is shown in detail the 
method of running the 2-inch risers in 
plan "B,"' also the method of connecting 



the basement radiators, and at the boiler 
is shown a 1%-inch pipe which is taken 
out of one of the flow pipe risers and 
drops to the bottom of the submerged re- 
turn, where it rises to the boiler. This 
is done, as explained in a previous arti- 
cle, to warm and consequently lighten 
the water in the return pipe at this point. 

The reason for carrying the 2-inch ris- 
ers to the third floor and then dropping 
to the basement with the return loop to 
feed the bttsement radiation, is to obtain 
a difTerence in the two columns of water, 
which stimulates the otherwise sluggish 
circulation in radiators standing on the 
same level as the boiler. Basement radi- 
ators connected up in the manner shown 
in the sectional sketch. Fig. 101, will 
heat as well as radiators on the floor 
above the boiler, providing that the start- 
ing pipe is employed to lighten the return 
and stimulate circulation. The expansion 
tank in this case is connected to the two 
flow pipes as they leave the boilers, and 
this being the high point the expansicm 
pipe acts as an air relief for all the mains 
and radiators in the basement. 

In a future article these same floor 
plans are shown laid out for an overhead 
water Job and also for a modem steam- 
heating apparatus, giving an opportunity 
to compare the different methods. 



CHAPTER XXII. 

WATER HEATING APPARATUS IX AN APARTMENT BUILDING— IMPROVED METHODS 

OF PIPING. 



W£ present herewith floor plans 
of an apartment building the 
same as shown in previous 
chapter. In these plans we 
show an overhead water heating ap- 
paratus. Our object in showing the plans 
with different styles of piping, is to give 
a graphic illustration of the wide difTer- 
ence in the cost of heating a building by 
different methods. 

In overhead heating, as is well known, 
the water is carried to the attic and 
there distributed to the different risers 
which carry the radiation on the various 



talning pipe sizes in either water or 
steam heating and it is a question 
whether any scientific rule can be given 
whereby the sizes may be just right to 
cover every condition, neither too large 
nor too small. 

Comparing this plan, which we will 
call plan "C," with plan "A" published 
in our last issue, we see a very great 
difference in pipe sizes. It is very true 
that where the overhead system is em- 
ployed, much smaller pipes may be used 
than where the main flow and return 
pipes are all in the basement. This is 




no. 102, PLAN C-SHOWING 

floors. It is a system of water heating 
P^uliarly adapted to apartment build- 
ings, where the radiators on each floor 
°^upy the same vertical line. 

In drawing these plans the writer has 
^ot followed the customary pipe sizes, 
"nt has shown advanced ideas whereby a 
?reat deal of the first cost may be cut 
^^^ of a heating apparatus. It is a well- 
fact that there is no scientific 
in use among steam fitters for ob- 

101 



THE BOILER ROOM, ETC. 

because the overhead hot water heating 
system produces a higher velocity of the 
water fiowing through the pipes than it 
is possible to obtain with the two-pipe 
system in the basement. 

It is a well-known fact that in district 
heating systems where a pump is used 
to force the water through the system 
and control the velocity, that very small 
pipes are necessary. A 1 Mi-inch pipe in 
such systems will often do as much work 
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as will -a 3-inch pipe in systems where 
there is no motive power heyond the dif- 
ference in weight of the ascending and 
descending columns, and so we may say 
that any system of water heating which 
increases the velocity of the water 
through the pipes, requires correspond- 
ingly smaller pipe sizes. 

In this system (plan C) the direct radi- 
ation amounts to 1,720 square feet; pip- 
ing to 340 square feet, making a total 
of 2,060 square feet which the holler has 
to care for. To carry this radiation prop- 
erly we run from the boiler to the foot 
of the main riser with a 4-inch pipe. 
Here we use a 4x2Vj-inch ell, and rise 
to the attic with 2i4.-inch pipe. In the 
attic we again enlarge the pipe to 4 
inches, and from the top of the fitting on 



By referring to Fig. 104 A a method of 
connecting the parlor and No. 1 bedroom 
radiators is shown, and also the method 
of connecting the bedroom radiators iu 
the north end of the building to a single 
pipe line. The connections from the riser 
to the radiators should not be made rigid. 
In the case of the fiow pipe they should 
be taken off the side of the riser, come 
through the wall, and connect with a 
right and left, or union ell, to the radi- 
ator. This gives a little up and down 
swing to the connecting pipe, whereas if 
the connecting arm is screwed directly 
into the riser, it makes a rigid Joint, and 
requires very exact work to make the 
connection. 

On the return end the connections are 
made from beneath the floor in the usual 




FIG. 103. PLAN C-PLOOR PLAN SHOWING THE LOCATION OF THE RADIATORS 



the main riser we carry a 1-inch pipe to 
the expansion tank, as is shown in the 
sectional view, Fig. 104 A. The top of the 
riser is the high point from which all 
the air in the system accumulates and 
is taken care of by the expansion tank. 
The 4-inch main is carried a short dis- 
tance across the attic floor where a 2^4 x 
2^^ X 4-inch twin ell is used. These 2%- 
inch branches feed nearly all of the radi- 
ators in the building, the only exception 
being the drop risers for the kitchen radi- 
ators, which are on the east side of the 
building. For the dining room and parlor 
radiators we use a l^/^-inch feed pipe and 
a separate return. As these are the 
principal rooms in the building we do 
this that there may be a more even dis- 
tribution of the heat than is possible 
where but one pipe is used. 



manner, the valve being used on the re- 
turn instead of on the flow pipe. 

The arrangement of the expansion tank 
is shown in Fig. 104 A. The tank used 
may be a 30-gallon range boiler, but it 
would be better to have a tank made 
with special tappings so the piping may 
be connected as shown in the sketch. 

On the three-quarter overflow pipe is 
used a lever safety valve set at 10 pounds. 
This three-quarter overflow empties into 
a galvanized iron drip pan, which is 
placed immediately below the safetr 
valve, so that any escape of water when 
the valve is opened may fall into the pan. 
From the bottom of this drip pan is 
taken a 1% overflow pipe, which is car- 
ried to the boiler room and there dis- 
charged into a funnel connected to the 
sewer and furnished with a trap. As the 
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water in the trap might dry out during 
the summer months, the funnel pipe is 
fitted with a plug cock, which may he 
closed when the apparatus is not in use. 
From the end of the lever of the safety 
valve a small chain or cord is carried 
overhead and through one or more pul- 
leys, and is then brought to the boiler 
room. 

In filling the apparatus the operator 
opens the supply valve for filling the 
boiler, and pulls down on the wire or 
chain which is attached to the lever of 
the safety valve. This permits the air 
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FIG. 104 A. PLAN C - SECTIONAL VIEW OF OVER- 
HEAD WATER HEATING 

to rise to the exi)ansion tank and be dis- 
charged through a % overflow pipe into 
the attic. As soon as the tank is filled 
the water will flow down to the boiler 
room through the 1^4 overflow, and give 
notice to the operator that the apparatus 
is full of water. After the water has 
been heated to the normal temperature, 
the safety valve may be again lifted to 
allow anv excess of water and air to be 
thrown off. 

In some cases a vacuum valve is fitte»l 
on the tank to permit the air to enter the 
tank after the water and air has been 
discharged, but with this device it is not 
necessary. 

In the basement, the radiators in the 
doctor's offices are connected up as shown 
in Fig. 104 A. 



It is usual in apportioning the radi- 
ators for overhead water heating to place 
the smallest amount of radiation on the 
upper floor and gradually increase until 
the lower fioor is reached, where the 
greatest amount of radiation is used. In 
this plan we have increased the radiatioa 
on the first fioor, while the second and 
third fioors have each the same quantity. 
While it is true that the radiators of the 
third fioor will receive water at a higher 
temperature than will those on the sec- 
ond fioor, yet the cooling effect of the 
roof will Just about compensate for this 
difference. 

To do this work properly we have 
selected a square boiler with vertical 
sections, the capacity of which is 2,100 
square feet. The distribution of the radi- 
ation is as follows: 

1st Floor. 2d Floor. 3d Floor. 

I'urlors 85 

Dining rooms 65 

Kitchens 40 

No. 1 chambers 35 

No. 2 chambers 40 

liall 80 

basement 100 

Total 1720 sq. ft of radiation 

Piping 340 



80 


80 


60 


60 


35 


35 


30 


30 


35 


35 
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is as fol- 



Uoller load 2060 sq. ft. 

The actual cost of this apparatus 
lows : 

Boiler. 2100 ft 

1,720 sq. ft. radiation 

,'{.") valves and ells at |1.25 

ripe and fittings 

."{0 days — man and helper — $5.00 

.'{O-j^allon expansion tank 

Alt. gauge 

Thermometer 

Decorating radiators 

ripe and b(»iler covering 

Ln(>idontals 



Actual cost $1,015^-'*^ 

The prices shown above will ^r^*"- 
somewhat in different localities, but 
believe the cost as shown above to 
fair average. Three of the bath xk^o"*^ 
are warmed by the 2l{j-inch main ri^^' 
the other three by a 2-inch drop pipe cO'^ 
nected to the main distributing pipe ^^ 
the attic. A portion of these risers o*^-* 
be covered if the bath rooms are ov^^ 
heated. 




CHAPTER XXIII. 

STEAM HEATING APPARATUS IN AN APARTMENT BUILDING, SHOWING COMPARATIVH 

COST OF STEAM AND WATER HEATING. 



IN Chapter XXI. we presented floor 
plans of an apartment building 
where a hot water heating appa- 
ratus had been Installed for several 
years, and which had not been fully satis- 
factory, owing to the rather crude meth- 
od of proportioning the piping. In the 
same article we showed how the radia- 
tion could be reduced in quantity, and an 
improved method of pipe sizes for base- 
ment piping. 

In Chapter XXII. an overhead system 
of hot water heating is shown, applied 
to this same building. In the present 
article we reproduce the basement and 
first floor plans of the same apartment 
building, piped for low-pressure steam 
heating. The quantity and distribution 
of radiation is as follows: 

• 

DISTRIBTTION OF RADIATION— PLAN D. 

l8t 2d 3d 
Floor. Floor. Floor. 

Parlors sq. ft. 50 50 55 

Dining rooms " 40 40 45 

No. 1 bed rooms ....*• 20 20 20 
No. 2 bed rooms. . . . •' 25 25 25 

Kitchens ■* 20 20 20 

Hall •' 50 . . 30 

Hath rooms 1%-inch risers in each tier; 
basement rooms, overhead coils. 

Totals. 



fi parlors sq. ft. 

<• (lining rooms 

r» .\o. 1 chambers 

Xo. 2 chambers 

i\ kitchens 

2 halls 



1,0.30 
310 
250 
120 
150 
120 
80 



Basement colls sq. ft. 45 

I»lping ♦' 200 



Boiler load sq. ft. 1,275 

In this plan the radiation is slightly 
increased on the third floor to compen- 
sate for The cooling efTect of the attic 
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ceiling and roof. In the basement the 
three doctor's offices are warned by 1-inch 
return bend coils placed on the ceiling. 
These coils feed from the top of the 
main, and the condensation is dripped 
into the main return, which is under the 
floor. The bath rooms are warmed by a 
l%.-inch riser on each tier, which runs 
from the basement to the ceiling of the 
third floor bath room. An air valve is 
attached to these risers on the third 
floor. These bath rooms being on the in- 
side of the house, require very little 
heat, and to place radiators in them 
would be a needless expense. 

A radiator is placed in the first fioor 
hall, and one on the third fioor, there 
being no necessity of radiators in second 
floor hall. The estimated cost of this 
steam heating apparatus is as follows: 

COST OF STEAM HEATING JOB. PLAN D. 

Boiler, 1,500 ft. capacity |290.00 

1.030 sq. ft. radiation, 20c 206.00 

Pipe and fittings 100.00 

32 radiator valves and air valves, |1.50 48.00 

20 days' Ial>or, man and helper 100.00 

r>ecoratIng 20.00 

IMpe and boiler coverinp 60.00 

Incidentals 25.00 

Net cost $849.00 

The pipe sizes shown on the basement 
plan are probably smaller than would be 
attemped by the average steam fitter, but 
they are of ample size and will do the 
work just as well as though the mains 
were 2% or 3 ioches in diameter. 

There are two lines of pipe, the one 
running to the south end of the building, 
which carries 555 square feet of radi- 
ation; and the circuit on the north side, 
which carries 475 feet. 

The steam mains rise from the boiler 
the full size of the tapping, which is 3 
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inches, and at the top of this riser is 
placed a reducing elbow 3x2 inches. 
The common practice would be to bush 
the 3-inch tappings and rise from the 
boiler 2 Inches, which practice might re- 
sult in canying water out with the 



downward to point marked ''A." At this 
point the pipe is dripped into the under- 
ground return, and from the top of the 
tee a branch rises and is carried pitching 
downward to th^ dining room radiators. 
See sketch, Fig. 105. 




FIG. 106, PLAN D-SHOWING THE LOCATION OF RADIATORS AND RISERS 



Steam, and cause a great deal of annoy- 
ance. 

With the amount of surface attached 
to the 2-inch steam supplies, as is shown 
in this plan, the velocity of the steam 
through the 2-inch main at 2 pounds pres- 
sure would be 36 feet per second, and if 
this 2-inch pipe were connected direct to 
the steam dome of the boiler, the steam 
would enter the pipe at this same velo- 
city, viz., 36 feet per second. By increas- 
ing the risers from the steam dome to 



The return for the south end of the 
building is carried back to the boiler un- 
der the floor for the convenience of drip- 
ping the coils in the doctor's offices, 
which would otherwise have to be 
trapped to prevent the steam entering 
the returns. The returns from the 
kitchen radiators are brought back over- 
head until they reach the return to 
which they are connected below the wa- 
ter line. 

The boiler load in this apnaratus ag- 
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FIG. 107, PLAN D-LOW PRESSURE HEATING. THE BOILER AND CONNECTIONS 



3 inches, we reduce the initial velocity 
to 16 feet per second, which will cause 
the boiler to work steadily. 

Referring to the south side of the build- 
ing, the 2-inch line is carried pitching 



gregates 1,275 square feet of condensing 
surface, and for this we would select a 
boiler that would maintain 2 pounds 
pressure in the entire plant for eight 
continuous hours without attention. A 
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vertical BCctlonal boiler would be the beat 
to uae for this luBtallation, of the fol- 
IowIdb dlmeoBlona: Square feet of grate, 
T.S; square feet of heating aurtece. 100; 
h.ird coal fuel capacity, 600 pounds. 

This boiler will take care of the radi- 
ation runolDK at a moderate rate of coni- 




^<n''erj^^a. 




I'liiiii'H, fin.i Willi « RiroiiK niv will kh-iu 

I'llllllhll-, hi llll- tl'tl! lllffl'lVm SlStl-lK* i 

111.-. |i I"; I'tjiu II n.iii-r. iull'l^■^^^^ (-ii 



Supposing fonr contractors. A, B. C and 
D, corresponding to tbe lettering ot tlw 
dlffereat systenu, are aaked to snbmlt 
bids for heating this apartment bnlldlDg. 
A adds 10 per cent to plan A, and bids 
11.650; B adds SO per cent to plan B. and 
bids $1,440; C addB 25 per cent, tn plan 
C, and bids 11,280; D adds 30 per cent, to 
plan D, and bids 11,100. 

Possibly the owner will not consider 
steam, so he lets the Job to C for 11,280, 
which Is less tban A's first cost. This 
simple Illustration will help to explain 
why some men can do this kind of work 
for lees money than others and be pros- 

The writer Is thoroughly convinced 
that thoysands of dollars are annually 
thrown away in unnecooanry pipe aliea 
for both steam and water heating, more 
particularly in steam heating. 

In a Bteam pipe, where it Is necessary 
for the steam and water of condensation 
to raove In t^poslte directions, the pipe 
sizes in use at the present time may not 
be too large, but for main steam pipes or 
branches where the steam and water flow 
together, and for return pipes, the slsee 
In general use throughout the country 
are much larger than Is necessary. Larg« 
pipe means large Qttlngs, more labor, ani 
more cost for covering, in addition to the 
increased cost ot the pipe only. 

The standard tappings adopted by 
manufacturers tor steam radiators are 
about right, more especially for one-pipe 
work. We believe that for two-pipe work 
ih« tappings could be to good advantage 
materially reduced In rite. The standard 
tappings for hot water radialore are eu- 
lirely too large, and the Utter who uses 
the full slied tappings In hot water radi' 
.ilion win have all kinds of trouble 
through imperfect circulation. For ex- 
ample: A water radiator containing 70 
fi^i luay be placed on the Brat floor, and 
immevUaiely above it on the second floor 
a miliator containing 45 feet The stan- 
tlurtt tacping tor both ot these radiators 
i* 1-. fnohes, Now If a li^-lncb riser is 
rtiQ :c th« 45-toot radiator on the second 
rtivr. :hif hot water will work through 
that raJUtor. come down the return, en- 
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ter the return pipe and pass into the 
70-foot radiator on the lower floor 
through the return, before the circula- 
tion from the supply pipe has worked 
through the radiator. These two col- 
umns of water meet in the radiator and 
circulation is at a standstill. If these 
radiators should stand near the boiler 
where the circulation is active, the radi- 
ator on the first floor should have a 1%- 
inch pipe carried to it from the main, on 
the end of which should be placed a 
1% X 1-inch ell, the radiator being con- 
nected by a 1-inch valve. The 45-foot 
radiator on the second floor should have a 
1-inch branch run out to the foot of the 
riser, which should be % inch, and the 
radiator should be connected with a %- 
inch vahre. See sketch. Fig. 108. 



The radiation for this apartment build- 
ing is flgured for the Middle States, 
where it is usual to provide for a temper- 
ature difTerence of 70 degrees Fahrenheit 
between external and internal. 

Where the temperature difference is 50 
degrees, as in some parts of the South, 30 
per cent, less radiation will be sufficient 
In the Northwest, where 20 degrees below 
is the usual outdoor temperature, 30 per 
cent, must be added. The proportions 
would be as follows: 

Southern Middle North- 
States. States, west. 
Internal temperature, deg. 70 
External temperature, deg. 20 

Tempt, difference, deg 50 

Water radiation, sq. ft 1200 

Steam radiation, sq. ft. . . . 700 



70 


70 





—20 


70 


90 


1700 


2200 


1000 


1300 
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E «DetoK B skFtch of > aleam Job 
Just liu tailed by ua and SBk jou 
to glre jour expert oplnloD oo 
the piping. Yoa will otMfrve It 
1b tb« one-pipe lyitem witb wet 
iBl we ban- ufed fonr tbree-war 



elli—one. tbe OrM one, a 2-liieb z 2-tacb i 2- 
Inch on nipple out or boiler, tbe otben, S-lneb 
I Z-lQcb z 1^ Incb. to radlatora. We dM tbU 
In order to get around brick pillars and cblm- 
nejr witbout cutting tbrongb tbem. Tbe reat ot 
the lirancbes were taken off wltb tees and 40- 
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degree ells. The mains all slope away from 
boiler at a good pitch and the laterals have a 
pitch of about 3 inches to the foot — the re- 
turn slopes toward boiler. 

In the 1%-inch riser you will note we have 
placed a cross with a plug in top — this we did 
to accommodate a radiator for a room in third 
story when owner desires it. The valves on 
IVj-inch riser are "gate." straightway, in order 
to relieve all ccmdensatlon. 

Slbmmeb Sc Son. 

Sketch "A" of the two sketches men- 
tioned by our subscriber is an isometric 




FIG. UO. SKETCH B-THE FIRST FLOOR PLAN 

view of the boiler, piping and radiation. 
The three-way ell shown at the boiler is 
somewhat unusual in steam fitting, but 
there is no objection to using it any more 
than there is in using a cross, under 
certain conditions. 

The pipe in this job is certainly of suf- 
ficient size to do the work without noise. 
Each of the mains might have been IV2 
inches without lowering the efficiency of 
the apparatus in any particular. 

Where the pipes join at "C" and drop 
below the water line it is good practice 
to drop one pipe from each main and join 
them below the water line, as is shown by 
dotted lines. In that case each drop 
should have an automatic air vent. 

We note that the main riser from the 
boiler is 2 inches, and out of this is 
taken the two 2-inch mains. This is 
wrong, both in theory and practice, but 
inasmuch as a 2-inch pipe would easily 
carry all the radiation in this particu- 
lar installation, no harm is done. 

For a hot water heating Job the writer 
would prefer a small opening out of the 
boiler connected into larger pipes, because 
of the ejector principle involved. 

In steam heating jobs, however, the 



pipes rising from the boiler shoald be of 
greater area than the combined area of 
the mains, in order to obtain a low initial 
velocity of steam leaving the boiler. 
Where the pipe is small and the boiler is 
attached to a strong draft the high veloc- 
ity of the steam is very likely to carry 
with it a spray of water, which will give 
no end of trouble. 

Carrying the return back below the 
water line is condemned by some, but 
very much depends upon the layout of 
the apparatus. Of course, it goes without 
saying that where the pipes are sub- 
merged the water will cool and enter the 
boiler at a lower temperature than if 
these returns were carried back to the 
boiler overhead. In the latter case the 
water of condensation reaches the boiler 
with only a few degrees loss of heat. In 
the former case the loss may be of 50 de- 
grees or more, and as a matter of course 
more coal must be consumed to evaporate 
the water from the lower temperature 
than from the higher. 

There is, however, a compensating fea- 
ture in submerged returns, in that they 
help to steady the water line in a boiler 
which has sensitive heating surface. 

Sketch "B" shows the first floor plan 
of the building and the position of the 
radiators. Sketch "C shows the second 
floor plan and position of radiators. 
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FIG. 111. SKETCH C-SECOND FLOOR PLAN 

We regret very much that we have not 
the data covering the cooling surface of 
this house, as it would have been inter- 
esting and instructive to have flgured the 
loss of heat of each room by transmis- 
sion and compared with the radiation 
now installed. 
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We will say in conclusion that we are icism, being the size of the riser from 

yery much pleased with the general ap- the boiler and the compound drop pipe at 

pearance of this work, as it shows good the Junction of the two mains. Valving 

workmanship, the only two points of crit- the risers is a matter of taste. 
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PIPE SIZES— ONE PIPE SYSTEM. 



SINCE writing Chapter 24 of this 
series of articles we have re 
ceived a communication in ref- 
erence to our comments on a 
low-pressure steam heating system under 
the captain "A one-pipe steam system 
with submerged return/' shown on page 
184 of The Plumbers* Trade Journal, 
Steam and Hot Water Fitters' Review, 
under date of February 16. 
Editor The Plumbers* Tbadb Journal : 

In your February 15th Issue appears a 
sketch of a one-pipe steam job submitted by 
Slemmer k Son. Centrevllle, Md. Your criti- 
cism of this Job Is quite complimentary to the 
designers, and you say : "We are very much 
pleased with the general appearance of this 
work as It shows good workmanship, the only 
two points of criticism being the size of the 
riser frcHU the boiler and the compound drip 
pipe at the junction of the two maluH." You 
object to the size of the riser from the boiler, 
or rather to the size of the distributing mains 
fed from It ; suggesting that 1 V^ inches 
might have been used without lowering the ef- 
ficiency of the apparatus in any particular. 

Now, Mr. Editor. I have very little knowl- 
edge of and very little experience in the de- 
signing and constructing of steam heating ap- 
paratus and for that reaHon I make bold to 
take issue with your conclusions on this par- 
ticular job : not with a desire to correct you, 
but with a desire to be corrected in so far as 
I am wrong. To determine the size of steam 
mains I have used the following rule : I)lvld<* 
the amount of direct beating fiurface in square 
feet by 100 ; divide the quotient by 0.7854 ; 
then extract the square root of the quotient : 
the result will he the diameter of the pipe In 
inches. There are 447 square feet of radi- 
ation shown on this particular job and accord- 

447 

Ing to the foregoing rule, = 

100 X .7854 
2.48 Inches. This would mean a 2% Inch 
main where It leaves the boiler. Now, Mr. 
Editor, as the apparatus is to supply 447 
tqnare feet of radiation plus nine radiators to 
be Inatalled later on, it seems to me that the 
malna are too small to give satisfactory re- 
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suits. Assuming that the nine additional radi- 
ators would represent 250 feet of radiation, 
we have a total radiation of 447 -f 250 = 607 
square feet. This according to my rule would 
call for a 3-lnch main leaving the boiler which 
should be reduced by a 3 x 2V^ x 2-lnch fitting 
at the' point where the three-way ell now is. 
The main from which the nine extra radiators 
are to be supplied should be 2^ Inches and 
the riser to same should be 2 Inches. 

As I do not consider myself an authority on 
such matters as I have herein discussed I 
will gladly welcome such criticism as these ob- 
servations merit. 

At the same time, Mr. Editor. I am looking 
for information on another matter : that la 
the functions of a check valve on a low-pres- 
sure gravity-return steam-heating job. i^ome 
fitters put them in, others do not. My ques- 
tion is: "Why is a check valve?'* 

In answer to this we must first express 
our regret that in Slemmer & Son's let- 
ter, as we printed it, there is a typo- 
graphical error, and the words "nine 
radiators for rooms in third story" should 
read *'a radiator for room in third story." 

Regarding size of main leaving the boil- 
er, we meant just what we said; that it is 
bad practice to have a less area in the 
riser from the steam dome than is in the 
distributing pipes, and this reason is ex- 
plained in Chapter 33 of this series of 
papers. 

As it is our intention to write at con- 
siderable length on the subject of pipe 
sizes, this is as good an opportunity as 
any to give the reasons for our belief in 
smaller •steam mains than are used in 
ordinary practice. 

The writer of the letter quote:! above 
says that it is his practice to divide the 
amount of direct-heating surface by 100, 
divide the quotient by .7854, and from the 
result extract the square root, and call it 
the diameter of the required pipe in 
inches. We presume the writer thinks it 
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better to have some kind of a rule for 
pipe sizes than none at all, although such 
a rule may have no scientific basis for its 
existence. If our correspondent can give 
any reason why he uses such a rule, or 
why he believes that smaller pipe sizes 
than his rule calls for are not desirable, 
we will be glad to hear from him. 

It is the writer's firm conviction that 
the only scientific basis for determining 
pipe sizes is to compute the required sizes 
from the velocity of the steam in the 
pipes. For IVi-inch and 1^-inch mains 
a fair velocity is 40 feet per second; for 




F1G.112-TW0 2-IN. MAINS. FROM STEAMHEAD 
2-inch to 3i^-inch pipe, GO feet; for 4-inch 
to 6-inch. 80 feet, and for 7-inch to 10- 
Inch, a velocity of 100 feet per second is 
not too high. 

Let us then take the above named veloc- 
ities as a basis and in the job under con- 
sideration where there are 447 feet, we 
find that one 2-inch main will carry the 
radiation with a velocity of 30 feet per 
second. If we use two li^-inch mains 
the velocity in each main will be 25 feet 
per second. Now when the one 2-inch 
main is connected into the steam boiler, 
the initial velocity of the steam leaving 
the steam dome is 30 feet per second, 
which is too high for many of 



the types of modem house heating 
boilers, and for this reason two 24nch 
pipes should rise from the steam head, 
and be connected into one 2-inch steam 
pipe, or it would be better practice in the 
Job under consideration to have each 
2-inch main taken directly out of the 
steamhead, connecting the two together 
in a yoke'as shown in Fig. 112. In this 
way the initial velocity would be re- 
duced to 15 feet per second, which is 
high enough for boilers that contain sen- 
sitive heating surface. 

In the next case cited by our corres- 
pondent, where there are 697 feet of radi- 
ation, he suggests a 3-inch main. This 
could be done on a 2-inch main with a 
velocity of 48 feet per second, but from 
the steson head two 2^-inch risers should 
connect to the 2-inch main, making the 
initial velocity from the steam dome 17 
feet per second. 

The writer has in successful operation 
a Job of steam heating, where there are 
eleven radiators containing 450 feet of 
radiation. The circuit of pipe is 1^-lnch 
and is 165 feet in length, and it would he 
impossible to have a job work any bet- 
ter than does this one. A sketch of the 
apparatus is shown in Fig. 113. 

Another installation designed by the 
writer carries 750 square feet of radiation 
on one 2-inch main. This, however, is a 
short run, and the radiators have a re- 
turn pipe as is shown in sketch 114, but 
if there were but one pipe and twenty 
radiators, and the run were 150 feet in 
length, the one 2-inch pipe would do all 
the work satisfactorily. 

Let us now take 5,000 square feet of 
radiation, which, if figured by our cor- 
respondent's rule, will require an 8-inch 
steam main, but by our deductions a 
5-inch main will be ample, giving a velo- 
city in the steam main of 58 feet per sec- 
ond. Rising from the steam head of the 
boiler should be three 5-inch pipes con- 
nected into this one 5-inch main, giving 
a velocity of 19 feet per second out of th^ 
steam dome. 

Ten thousand square feet of radiatioc^ 
figured by our correspondent's methocS 
will require two 8-inch mains. We woul«^ 
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use one 7-inch main with a velocity of 
60 feet per second. From the steam head 
of the battery of boilers we would take 
three 8-inch pipes connected to the 7-inch 
main, giving us an initial velocity out of 
the steam domes of 15 feet per second. 

For 30,000 feet of radiation our corre- 
spondent would require an area of 295 
square inches, or three 10-inch and one 
9-inch steam main. For 30.000 feet of 
radiation, situated within 1,000 feet of 



is a battery of four boilers, and jut of 
the steam head of each boiler are four 
6-inch risers. These four 6-inch risers 
connect into one 6-inch main, which in 
turn is connected into the 10-inch main 
steam line, and by this method the in- 
itial velocity of the steam leaving the 
boilers is 15 feet per second. When it 
reaches the 10-inch main the velocity 
rises to 87 feet per second. 
In talking this matter over a few days 
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HG. 1L3-A SUCCESSFUL STEAM HEATING JOB. ELEVEN RADIATORS CONTAINING 450 FT. 

RADIATION CARRIED ON A 1 1-2 INCH CIRCUIT 



the boilers, we would use one 10-inch 
main, giving a velocity of 87 feet per 
second. From the battery of boilers, 
^hich would be necessary, we would take 
out enough openings to keep the initial 
velocity down to 15 feet per second. 

^ job of this kind is now in operation, 
^here the radiation is almost exactly 
30,000 square feet. The main steam pipe 
^ 10 inches In diameter. The main re- 
^^ni pipe is 4 inches in diameter. There 



ago with a prominent steam heating con- 
tractor, he said that he was now con- 
vinced that he had thrown away half a 
fortune in using unnecessarily large pipes 
in his practice. He had given the subject 
much thought In the last few years, but 
it was not until the present heating sea- 
son that he mustered up sufficient courage 
to install a fifteen-radiator Job containing 
650 feet of radiation on one 2-inch steam 
line. He said he was prepared to take 
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the pipe down and put Id larger, but to 
biB Buiitrlse tbe apparatue la working bet- 
ter tbon any other Job be koawa of. 

The theory that a Bteam Job cannot bo 
spoiled by having the pipe too Urge la 
wrong. In the first place, a large pipe 
Impoees an unneceaaary tax on the boiler. 
in the second place, the steam velocity is 
so reduced that it takes the heat longer to 
reach Its destination than where tbe pipe 
Is smaller. In saying this, the writer la 
not overlooking the tact that In long runs 
the frlctlonal resistance must be taken In- 
to consideration, but where velocities are 
given In the (oregolng examples the frlc- 



through tbe return, uid to prevent thla 
the check valve la Inserted In the return 
pipe near tbe holler, with the check 
against the holler preasure. Tbls Is done 
to prevent the water backing out ol thf 
boiler where there la supposed to be an 
unequal pressure. If the preasure la un- 
equal and a check valve le applied It 1* 
obvious that the water muat rise In tht 
return pipe until sufficient head accamn- 
Itea to balance the pressure beCore the 
valve will open and allow tbe water to re- 
turn to the holler, thus producing an In- 
termltteni return of the water or conden- 
sation, which Is not a desirable feature. 




tional resistance is taken care of for all 
ordinary houee-heating worh. 

Our correspondent asks our opinion of 
the (unctions of check valves on low-pres- 
Hure atenmheatlng apparatus. It is our 
belief and experience that the check valve 
In Ihe "vermiform appendix" ot low-prea- 
Hure steam jilnnte. InaEmuch as It Is a 
UHelnsH apiiendnge and very frequently 
must be removed to give the patient (ap- 
rnratiiB) relief. 

Tb« ri'iiHon for applying check valves 
to t)it> rt'turn lines of steam-heating ap- 
imriilUM in because the cleam fitter, flnd- 
liig waler In the radiators, believes tbe 
wiil«r In being imiihed out ot the boiler 



Sometimes the water will disappear out 
of the glass of a steam bolter when the 
pressure rises, and this ts usually at- 
tributed to water leaving the bolter 
through the returns, when aa a matter 
ot tact It te caused by tbe draft or auc- 
tion on the bottom of the pipe which coa- 
necla the water column to tbe boiler. 
When water enters the radiators It is 
usually through the steam pipes, and is 
caused by the high initial velocity carry- 
ing a fine spray of water with the -out- 
going steam. Thla can always be pre- 
vented or remedied by taking a number 
of large openings out ot the steam head. 
as described In this and former articles. 



CHAPTBB XXVI. 

AK UNSATISFACTORY STEAM HEATING APPARATUS AND HOW IT WAS REMBDIEI>-« 

SOME CRUDE METHODS IN WATER HEATING. 



IN this chapter we show a number 
of sketches, which represent steam 
and water heating apparatus in- 
stalled during the present heating 
season in different localities. 

Fig. 115l represents a steam heating 
plant installed in a small residence, 
which has been giving a great deal of 
trouble. The boiler has a rated capacity 
of 500 square feet, and the piping and 
radiation attached figure up 420 square 
feet. Out of the top of the boiler there 
are two 3-inch tappings for steam pipes. 
One of these the fitter plugged, the other 
he bushed to 2^ inches, and to this was 
connected a 2%-inch riser, which rose 
from the steam dome about 2 feet, and 
was then carried 4 feet to the front of 
the boiler. At this point was placed a 
2 X 2 X 2V^-inch tee, and one 2-inch steam 
line was run to the front of the building, 
and another 2-inch line to the rear. The 
radiator connections are not all shown 
on the piping, as it is only necessary to 
show the branch lines which were im- 
properly run. The 2-inch line which is 
carried to the front of the building drops 
into a return, which is taken back to the 
boiler below the water line, and from the 
top of the tee on the end of this 2-inch 
pipe is carried a riser to the second floor. 

The hall radiator is situated 16 feet 
from the 2-inch main, and the branch of 
that radiator was 1^-inch pipe run on .i 
dead level. If this arm had been ly^- 
inch and pitched up toward the radiator, 
it would probably have worked all right, 
but as it was installed, the steam carried 
the water into the radiator, causing a 
great deal of trouble and annoyance. 

The rear line, however, was still worse. 
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On this line there are 240 feet of radia- 
tion, and at the end of the 2-inch pipe a 
bleeder is carried down beneath the floor 
and back to the boiler. This bleeder was 
1%-inch. From the top of this bleeder a 
li^-inch pipe rose 6 inches and was then 
carried to. the rear end of the basement, 
where it was connected to a 1%-inch 
riser leading to the second floor. This 
line was the cause of a great deal of 
water hammer, and as a remedy, the 
steam fltter run a %-inch bleeder from 
the bottom of the lV4-inch riser and con- 
nected it to the 1%-inch bleeder. In do- 
ing this he overlooked entirely a most 
decided trap which was in the pipe whero 
it was connected with a union coupling, 
as shown at "A." This trap was about 
one and a half times the diameter of 
the pipe, and still the fltter said he had 
never seen it until his attention was 
called to it. How it was possible for him 
to overlook this, it is hard to say, as it 
was in plain sight. 

In flring this boiler the water would 
leave the gauge glass as soon as pressure 
began to show on the gauge, and at one 
pound pressure the water would be all 
out of the glass, and beside this the water 
could be distinctly heard surging through 
the pipes and radiators. The boiler is 
constructed with very sensitive heating 
surface, that is to say, 80 per cent, of tli« 
heating surface comes in direct contact 
with the radiant heat of the fire, and all 
such boilers will make steam very rapid- 
ly when attached to a strong draft. 

By using only one 2V(j-inch opening, 
the velocity of steam leaving the steam 
dome was 20 feet per second, which is 
entirely too high for boilers of this type. 
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We have repeatedly called attention to 
the bad practice of bushing steam open- 
ings in modeirn house heating steam boil- 
ers. Wherever the practice is indulged in 
more or less trouble will ensue. 

Turning- to Fig. 116. a sketch is shown 
of the manner in which the work has been 
reconstructed. It would have sufficed to 
tike another 2V>inch opening out of the 
steam head, but as an object lesson to 
the steam fitter, the full size of the open- 
ings are used, as is shown in the sketch. 
Two 3-inch risers are connected to the 
steam head, terminating in ells 3x2 
inches; these 2-inch pipes connect into 
a yoke or cross arm of 2Mi-inch pipe, 
which is carried to the front of the 
boiler. Here is placed a 2V2-inch tee, 
from the top of which a 2 Ms-inch pipe is 
run to the ceiling, terminating in a tee 
2 X 2 X 2Vi» inches. From the bottom of 
the 2V.»-inch riser an equalizing pipe is 



gauge glass remains perfectly steady it 
any pressure from 1 to 10 pounds. The 
sizes of the steam lines were not changed, 
though they would be equally efficient if 
they were 1%-inch instead of 2-inch. 

Fig. 117 is another specimen of bad 
practice, which was recently installed in 
a small residence. In this Job there are 
about 400 square feet of radiation, and 
the pipes were run as shown in the 
sketch; one 2-inch line to the front of 
the building and another 2-inch line to 
the rear. The apparatus worked verj* 
unsatisfactorily. The water would leave 
the gauge glass the moment pressure be- 
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FIG. 117 -THE WRONG WAY. THE BOILER PRIMES; RADIATORS FILL WITH WATER. NOISY 

AND INEFHCIINT 



carried back to the return of the boiler. 
This equalizing pipe is 2M.»-inch for about 
12 inches, where It reduces to 2 inches, 
and is carried to the boiler that size. 

To the hall radiator a 1-Inch branch is 
run. which pitches down from the main 
to the feet of the radiator stub, and from 
the bottom of this stub or riser a VL»-inch 
drip pipe is run into the main return, 
which is carried along the wall below the 
water line and hack to the boiler. The 
2-inch rear steam line is carried to the 
extreme end of the basement, at which 
point a IVi-inc'h riser is run to the upper 
floor; from the foot of the IVi-lnch riser 
the return. 1-inch in size, is carried back 
to the boiler along the wall, instead of 
beneath the basement floor. Since these 
changes were completed the apparatus 
works perfectly. 

The hall radiator heats up rapidly and 
without any noise. The water In the 



gan to rise, and beside this the radiators 
throughout the building would fill with 
water, and make a great deal of noise. 
The radiators were connected to the ris- 
ing lines as shown in the sketch; the 
main was held rigidly by a chain hanger 
so that the expansion of the pipe was 
upward and lifted the front end of the 
radiator, causing it to fill with water. 
The radiators, however, would fill with 
water from the boiler priming through 
the small outlets. 

This job was reconstructed, as shown 
in Fig. 118, and is now giving perfect 
satisfaction. The main pipe lines were 
not disturbed, although had we been plan- 
ning the job originally, we would use 
11 J -inch steam lines and 1-inch returns. 
In making the change, as may be seen by 
the sketch, two 3-inch risers are taken 
out of the steam dome, which are con- 
nected into a 2-inch cross head, and two 
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2-inch bleeders, or equalizing pipes, are 
dropped back to the returns of the boiler. 
This arrangement would not have been 
necessary if the Job had been planned 
properly at first, but as the apparatus 
was a particularly aggravating one, it 
was considered best to be sure and get it 
right. If the boiler connections had been 
run originally as is shoi^-n in sketch 119, 
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FIG. 119-BOILER AND PIPE CONNECTIONS 

much trouble and expense would have 
been avoided. 

Fig. 120 is a hot water heating appar- 
atus which was recently inspected by the 
writer, and which was not doing satis- 
factory work. In this case the boiler was 
set in the middle of the basement, as is 
the custom of the steam heating fratern- 
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FIG.120-HOT WATER HEATING. POOR LAYOUT 

ity in that locality. This necessitated a 
smoke pipe 16 feet in length, and made 
some awkward and unnecessarily long 



runs to a portion of the radiation. An 
improvement of this sketch is shown in 
Fig. 121, where the boiler is set close to 











FIG. 121-HOT WATER "HEATING. IMPROVED 

PLAN 

the chimney, and the run of pipe to the 
kitchen radiator is shortened 13 feet, 
using but one main instead of two. The 
conne'^tion of the dining room radiator is 
also shortened from 18 feet to 3 feet. 
Since making these changes the apimratus 
is giving entire satisfaction to all con- 
cerned. When the boiler occupied the 
middle of the basement with IG feet of 
pipe to it, the draft was insufficient, and 
neither the dining room or kitchen radi- 
ator could be made to heat equally with 
other radiators in the house. Shorten- 
ing the smoke pipe improved the drafts 
and shortening the water piping improv- 
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FIG. 122-HOT WATER rBOILER IMPROPERLY 

LOCATED 

ed the circulation in the radiators men- 
tioned. 

In Fig. 122 is shown another case of 
trying to keep the boiler near the center 
of the basement. In this case, however, 
we think the boiler must have been set 
by chance, or in the dark, as it is almost 
inconceivable that a man of any experi- 
ence would run a smoke pipe in the man- 
ner described. After the boiler was set 
in place and piped up, it was found that. 
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If the smoke pipe were taken direct to the 
chimney. It would be in the way of the 
boiler attendant. The pipe was then car- 
ried around a brick pier and started again 
for the chimney, but here the coal door 
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FIG. 123-HOT WATER BOILER PROPERLY 

LOCATED 

interfered and another kink was put in 
it to clear this opening. After the pipe 
entered the coal bin. two more elbows 



carried it to the chimney. Here are six 
elbows in one piece of smoke pipe, and 
a length of 32 feet. The chimney in 
this case had an excellent draft and the 
boiler was doing fairly good service. It 
is the intention, however, when the heat- 
ing season is over, to change the loca- 
tion of the boiler to the position shown 
in Fig. 123, where it should have been 
set in the first place. Here the smoke 
pipe will be 6 feet in length and have one 
elbow, and there will be plenty of room 
between the brick pier and the boiler for 
the attendant to pasf, and beside this he 
will then be able to stand in one posi- 
tion and take fuel from the coal bin and 
deliver it to the boiler. In the present 
location coal must be carried in shovel- 
fuls a distance of 15 feet. 



CHAPTER XXVII. 



A DANGEROUS INSTALLATION IN WATER HEATING. 



FIG. 124 is the floor plan of the 
fourth story of a factory build- 
ing in which a steam heating 
plant was recently installed. 
Pig. 125 is a section showing the third 
and fourth floors. It is not necessary to 
show any other part of the apparatus, as 
our remarks have to do with these two 
floors only. 

There are 550 square feet of radiation 
on the third floor, and 1.050 feet on the 
fourth floor. There was no difficulty in 
maintaining a temperature of 70 degrees 
on the third floor during the past winter, 
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FIG. 124— FLOOR PLAN OF THE FOURTH STORY 
OF A FACTORY BUILDING 

hut it was impossible to raise the tem- 
perature of the fourth floor above 50 de- 
grees on the coldest days. 

The contractor who placed the radia- 
tion guessed at it from the first, and 
placed 850 feet of radiation on the fourth 
floor. When it was found impossible to 
warm the room, 200 square feet of radia- 
tion was added until, as stated, there are 
now 1,050 feet on this floor, and still the 
room is not sufficiently warm. 

It is the writer's experience that in 
many buildings the steam fltter wholly 
ignores the cooling influence of the roof, 
and in factories like the one we are de- 
scribing, where there is nothing to pre- 
vent the loss of heat through the roof. 



except a layer of boards covered with 
tar and gravel, the loss is frequently 
greater than it is through the walls. 

On the fourth floor there are 92,232 
cubic feet of air space. There are 1.160 
square feet of glass, 1.192 square feet 
of exposed wall, and 6,588 square feet of 
exposed roof. As the air in this room 
will change once per hour because of the 
rapid loss of heat and the excessive 
amount of glass, there will be required 
to warm the air 540 square feet. The 
glass will require 350 square feet; the 
wall 110, and the roof 550 square fee^ 
making a total of 1,550 square feet, which 
leaves 500 square feet to be added to the 
present radiation, to maintain a tempera- 
ture of 70 degrees when the external tem- 
perature is at zero. This is nearly three 
times as much radiation as is requirerl 
on the third floor. This great difference 
in the cooling effect of the two rooms is 
due — flrst, to a less frequent change of 
air on the second floor; second, to a lath- 
ed and plastered ceiling, which forms air 
spaces between ceiling and upper floor; 
and third, to a much smaller glass ex- 
posure. 

The air space of the third floor is 60.000 
cubic feet, which requires 200 feet of 
radiation. There are 520 feet of glass, 
which requires 155 feet of radiation, and 
1.500 square feet of exposed wall, requir- 
ing 140 square feet. The total radiation 
required would be 495 square feet, as 
against 550 square feet in service. 

The ratio of radiation to cubic feet of 
air is: fourth floor. 1 to 88; third floor. 
1 to 110. When the additional radiation 
is placed en the fourth floor the ratio 
will be 1 to 60. It is evident that if any 
flgurlng was done to arrive at the radia- 
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tlon required, It vsb by dividing the 
cubic teet of air in each room by 110. 

Another feature of this Inataltatlon IB 
the losB of money suetained by both own- 
er and contractor. The work waa let to 
the lowest bidder, who happened to be a 



could not overlook It. When It was found 
to be Impoaalble to heat the fourth floor, 
the contractor was called upon to fumleh 
additional radiation and has at bis own 
expense put In the 200 additional Bquare- 
feet. NowtbatSOO feet additional radla- 




FIG. 13S-SECTIONAL VIEW 
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nan who knew absolutely nothing about 
tbe heating buslneas. His experience la 
confined to furnlBhing and atlaching an 
Ddd radiator here and there, or doing 
Bome piping repairs. His bid was bo 
much below that of the regular Hteam 
heating eoncern that the owner felt be 



tlon Is required, he flndB blroselt unable- 
financially to get any further, and conae- 
quently the owner Is now obliged to turn 
the work over to a reputable Steam heat- 
ing concern, who find they will have to 
remodel the piping before the building 
can be properly heated, and when the 
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work Is completed, the owner will have 
paid out between (200 and 1300 move 
thao be would bave paid originally tor 
flrst-daas work. 

In Bonie of tbe trades and pi-ofessiona 
there are laws intended to jn'event tiie 
operation of botcbes. but the beating buai- 
nesB seems to be fair game tor anyone 
who feels inclined to take a shy at It. 

Fig. 126 Is a sectional view of a three, 
story building In whlcb was recently In- 
stalled a hoi water hentlng apparatus. 
Tile Illustration shows only that part of 
the apparatus which Is the subject of our 
criticism. 

It Is not our purpose to criticise the 
^Ise of the mains and piping. 'which Is 
much smaller than Is the usual practice. 
as we are well aware that where a pip. 
Ing plan Is properly proportioned [n all 
its parts, much smaller piping may be 
used than where the piping Is Improp- 
erly proportioned. 

In this Installation the How pipe rises 
to the top of the radiator on the third 
floor. These radiators are specially tap- 
ped into the lop of the loop, on which is 
placed an angle valve which Is connected 
to the flow pipe. This special tapping Is 
both unusual and unnecessary. A tap- 
ping Into the Bide of the loop at the top 
would answer the same purpose and look 

The return pipe Is taken out of the 
radiator at tbe bottom on the same side, 
to which there is no objection. An air 
line Is carried from Ihe top of the rising 
line and connects into the top of an air 
tank, as is shown on the sketch. This 
air tank is placed In the top of an air 
-shaft, which ^s Burniounted by a sky- 
light. From the bottom of the air tank 
a [ilpe is run through the partition into 
a bath room, where there is a small ex. 
pension tank. There are no overflow 
pllies or vent pipes, nor is there on any 
part of the apparatus a safety valve. 
Why the two tanks are used is a mystery. 
When the apparatus is fliled with water 
the air is driven from the pipes and radi- 
ators Into the air tank, where 11 is com. 
pressed by the head ef water. It Is to 
be supposed that when the apparatus 



was Brst fliled, the pet cock in tbe bot- 
tom of the expansion tank gauge glass 
was opened, which would allow the air 
In the system lo escape at that poin'. 
otherwise unless there was a high water 
pressure the air tank would not be suffi- 
ciently large lo contain all the air In 
the apparatus. The plant has new been 
In operation for some weeks, and whll" 
the building can be warmed, there is 
constant trouble from leaiis on cold days 
when It Is necessary to Increase the tem- 
perature of the water, whlcb expands tho 
water and increases the pressure, and 
as there Is no place for additional ex- 
iianslon, except to compress the air in 
tbe small lank, something must give way. 
All the flttlngs In the job are malleable 
Iron, it oelng evident that the designer 
of the ap;)aratU8 was afraid of nslng cast 




FIG. 125-SHOW3 THIRD AND POUBTH FLOORS 

Iron fittings lest the excessive pressure 
would break Ibem. If tbe Job had been 
made perfectly light It Is likely some of 
the radiation would have broken before 
this and flooded the building, but the 
leaks In the a[)7)aratus have served the 
purpose of a safety valve. The job 
throughout Icoka as though It was done 
by farm hands. One radiator on the 
flrst floor is connected Into Ihe riser in 
such a manner that tbe pipe Is trapped 
a little more than Its full diameter, yet 
this radiator heats apparently as well as 
any of the others. This Is due lo the 
fact that the head of water compresaee 
the air into a small volume in the top 
of the pipe and allows the 
ter the radiator along the bottom of the 
pipe. Another radiator has the i 
end trapped so that it will be Impossible 
to empty the radiator of w 
these connections were not made by de- 
sign. They just happenel to 
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way and were left so either through ig 
norance or carelessness. 

The contractor for this apparatus is 
not and never was in the heating busi- 
ness, but having nothing else to do he 
thought he might turn an honest penny 
by taking a contract for heating this 
l)uilding. He got the contract because his 
price was far below that of any of the 
established heating trade. While tho 
apparatus is in its present form, it is a 



constant menace to the owner and occu- 
pants of the building, although they do 
not seem to realize it. The radiation in 
the building is sufficient to heat it, and 
that seem to be about all they care for, 
but some fine cold day one of the radi- 
ators will let go and the building will be 
be flooded and the consequent damages 
will probably be sufficient to pay for a 
flrst-cla&s apparatus installed by compe- 
tent and responsible heating engineers. 



CHAPTER XXVIII. 

WATER HEATING APPAUATUS— ANCIENT AND MODERN METHODS OF PIPING 

COMPARED. 



WE are in receipt of a com- 
munication in regard to 
hot water heating, of which 
the following is an extract: 
I would like your views in regard to run- 
ning the pipe for a bot water beating appa- 
ratus, to be installed in a bouse as represented 
in tbe accompanying plan, sketcb No. 1. 
There are 400 feet of direct radiation. As 
30U will see by tbe plan, I start witb a 3incb 
main, running it in tbe usual manner in the 
basement under tbe first floor, terminating at 
the kitchen radiator, which contains 25 square 
feet. Instead of running tbe return in the 
usual manner, I begin at the radiator in tbe 
wash room witb 1-inch pipe, and gradually 
inlarge tbe return until the size where it 
enters the boiler is 3 inches. I wish to know 
if this arrangement will work all right and 
give as good service as though it were regular 
2-incb pipe work. I would also like a sug- 
gestion as to the proper place to locate tbe 
expansion tank, and the best method of taking 
care of the vent and water of expansicm. Any 
information on this subject will be appre- 
ciated. 

Referring to sketch No. 1, Fig. 127, sub- 
mitted by our correspondent, we note that 
the flow pipe pitches down from the boil- 
er until it reaches the kitchen radiator, 
where it terminates. There does not ap- 
pear to be any arrangement for taking 
care of the air in the piping, which would 
accumulate above the boiler. The return 
from the kitchen radiator enters the 3- 
inch return line and the radiator will drain 
at the return line when the apparatus is 
empty,, but the flow pipe will remain full 
cf water, because there is no way of 
draining it. This flow pipe should be 
carried on past the kitchen radiator to 
the boiler, and there be connected to the 
return. This would stimulate circulation 
in the flow pipe and provide a means for 
draining the entire apparatus. 



The system of piping shown by our cor- 
respondent is not new. It was quite 
extensively practiced in England some 
years ago, but has been abandoned for 
better methods. The serious objection to- 
such an installation is the excessive quan- 
tity 0/ pipe required, and the increased 
cost over almost any other system. 

In the piping plan shown by our cor- 
respondent, where there are 400 feet of 
radiation, there will probably be 200 feet 
or more of piping, which adds to the 
boiler load and increases the fuel con- 
sumption. 

We would also call attention to the 
fact that although the 3-inch flow pipe 
passes within a few feet of the kitchen 
radiator shortly after it leaves the boiler, 
the water is carried clear around the- 
house, probably 60 or 80 feet before en- 
tering that radiator. 

We are unable to tell from our corre- 
spondent's sketch which radiators belong 
to the first and which to the second floor, 
and in our sketch we have assumed that 
there are three radiators on the second 
floor. Whether there are more or less, 
will not affect in any way the piping lay- 
out as we show it. , 

It is well known by men who have had 
large experience in hot water heat ap- 
paratus, that in a small compact Job, a 
2-inch main will carry four or five hun- 
dred square feet of radiation if properly 
arranged, following proper rules. 

In our sketch. Fig. 128, we show a 2%- 
inch main leaving the boiler. On the end 
of this 21^-inch pipe is placed a 2 % z 2 x 
2-inch tee, and two 2-inch lines are car- 
ried around each side of the house, in 
opposite directions. The high point i» 
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at tbe boiler, and from the top of the 
rleer from tbe boiler the eipanston pipe 
Is carried to the expansion tank on the 
second floor, and relieves the entire pip- 
ing syatem of air. The line marked "A" 
enters the side of the main line and car- 
ries Ave radiators containing; ISO square 
feet; the line marked "B" carries eix 
radiators containing 185 square feet. Thn 
1-lncb line marked "C" carries one radi- 
ator containing 30 square teet, making a 
total ot 12 radiators containing 39S square 
feet. On line "A" the Brst four radiators 
are taken off the top ot the 2-lnch main 
and returned Into the side of same. The 



flooor, well and good. If Inconvenient to 
do so, it may be carried under the floor 
line and then ralaed to the boiler without 
making any appreciable difference In the 
circulation of tbe syatem. It la always 
well, however, where tbe return must rise 
IS Inches or more to enter the boiler, to 
run a small pipe from the flow pipe as 
It rises from tbe boiler and connect It to 
tbe bottom ot the return line which rises 
to the return tapping of tbe boiler. In 
this wsy tbe water in the return Is light- 
ened at the point where It enters tbe 
boiler, which helps to Increase the rapid- 
ity of tbe circulation throughout the sys- 




FIG. 137. SKBTCH NO, 1-SHOWING THE PIPING PLAN FOR HOT WATER APPARATUS 



lasi radiator on tble line takes Its .flow 
from the top uf tiie 2-inch main, and re- 
turns Into the 2-tncb return line, which 
runs along the wall within about 2 feei 
of the floor line, aa abown by dotted line. 
On the line marked "B" the flret two 
radiators take their flow from the top of 
tbe 2-lncb main and return into the aide 
of same. Tbe last four radiators on line 
"B" take their flow from the top of the 
Z-lDch main, and the returns from these 
fonr radiators drop into tbe 2-lnch return 
line, which Is carried alon^ the wall un- 
demeatb the flow pipe. This return line 
follows the wall of tbe bouse until It 
reaches the holler. If it can be carried 
Into tbe holler without dropping to the 



tern. Thie Starting pipe, as It Is called. 
la shown in detail In Fig. 131. 

In our sketch, Fig. 129. we show an Iso- 
metric view of tbe piping on the floor 
plan. Fig. 12S. We here show a 2i^-lncb 
pipe rising from the boiler. From the 
top of this pipe is carried a '>i expansion 
pipe, which connects to tbe bottom of the 
expansion tank, which Is placed on the 
second floor, or above all radiators. The 
1-inch vent from the lop of Ihla tank 
may be carried out doors, or may be con- 
nected Into a vent jilpe. If It Is carried 
through the wall out doors, nn elbow and 
short nipple should be put on the end to 
prevent snow from entering. 

Another mothod of connecting the ex- 
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panafon tank Is ebown Id Fig. 130. This 1b 
MtDetlmea done where there Is no danger 
of the end of the pipe freezing. It the 
water should boll over In the apparatus, 







1/ V?«— JOT 

FIG. 130. SKETCH NO. 4-EXPAHSlOH TANK 

It will be thrown out through the 1-lnch 
vent and overflow. If, however, the ap- 
paratus Is properly balanced and a large 
expansion tank used, there will be very 
i:ttle trouble from water boiling over. 

In Fig. 129 we have shown three risers 
to the second floor. For the 46-foot radi- 
ator we show 1-lnch risers; tor the 
20 and SO-foot radiators %-incb risers. 
These risers are of ample Blze and wiir 
do better work than II they were of larg- 
er size. On the 70-foot radiator we would 
run out to the radiator ly-lnch and look 
up through a 1^ x 1-lnch ell, using a 
1-lneh valve. This 1-lnch valve on the 
radiator will keep it Just as hot as though 
the valve were of a large size. On the 
45-Ioot radiator a 1-lnch valve may be 
used, or the ]-lnch pipe may be reduced 
to ■'?i-lnch where It rises to tlie radiator. 
and a %-inch valve used, which will do 
Just as good work. On the 50-(oot radi- 
ator we would use a l^-lnch horizontal 



arm, a 1-tnch riser and a 1-lnch valve. 
On all ot the other radiators we would 
use %-lnch valves; where the branch 
runs out to the radiators 1-lnch, use a 
reducing elbow Ix %. 

Our system of piping may look like an 
innovation to our correspondent, but 11 
he has the courage to Install It as we 
have shown, he will have a perfect work- 
ing apparatus. Plans of this kind have 
been used by the writer during the past 
twenty years, and with marked success. 
As compared with our correspondent's 
plan. It will be noticed that we get a 
more even distribution of heat through- 
out the house, as both Bides of the houB« 
will heat at the same time. We then get 
a drop from the end of each of these 
2-lnch lines which helps to Increase tho 
circulation, and anything that will stimu- 
late the circulation or flow of water 
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FIG. 131. SKETCH NO. 5-SHOWtHG DETaIL OF 

STARTING PIPE. WHERE RETURN RISES TO 

BOILER IN WATER HEATING 

through a hot water beating apparatus 
will decrease the fuel bill, and at the 
some time increase the elQciency of all 
the radiators in the house. 
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It may not look consistent to use one 
2-inch return to receive the water from 
two 2-inch flow pipes. It is not the usual 
way of doing, but in practice will give 
excellent results in this case. 

The piping is calculated in this way: 
One 2-inch pipe will carry all the radi- 
ation in the house, but inasmuch as the 
flow and return water is carried for some 
distance in the same pipes, we enlarge 



these pipes and make them 2-inch. When 
these two pipes and the radiator connec- 
tions are connected to the 2-inch return, 
the water in the return will move at a 
higher velocity and stimulate a circula- 
tion of water in the boiler. 

The cost for pipe, fittings and labor in 
our plan will be little more than half of 
the cost of the same as shown by our 
correspondent's plan. Fig. 127. 
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CHAPTEH XXIX. 



FIG. 132 represents the baeement ol 
a two-Btory building, SO x 40, 
which Is warmed by a water-heat- 
ing apparatus. This apparatus 
was installed two years ago, but ha* 
never been thoroughly satisfactory, due. 
In part, to the proportion of the pipe and 
the connections of the return lines. 

Riser No. 1, which 1b close to the holi- 
er, la connected to the return main quite 
near to the boiler, and as this radiator is 
connected with a 1^-lnch pipe and valve 
It heatB very rapidly, the water Is re- 
turned at a high temperature and warms 
the return column which connects to the 
bottom of the l>oiler, wealienlng the mo- 
tive power, and, as a consequence, there 
is trouble with every radiator on that 
line. The first two or three radiators wlit 
heat fairly well when the temperature ts 
very high, hut with the ordinary tempera- 
ture there Is scarcely any heat In them. 
To prove that the No. 1 riser was causing 
the most of the trouble, It was discon- 
nected and carried to the bottom of the 
boiler. On firing up there was found to 
be a decided Improvement. The return 
from No. 2 radiator was then connected 
to the bottom of the boiler, which still 
improved matters, and the radiators on 
this line heat as well ae in any other 
part or the building. There are, however, 
times when the radiators on the Srst floor 
will heat from the return of the radiators 
on the second floor, and this Is due to 
the fact that the risers are entirely too 
large. The cooling surface In the mains 
and risers in this apparatus Is about 40 
per cent of the radiation, or 800 square 
feet. The cost of the pipe and flttlngs on 
the Job was approximately (226, and the 



labor 1200. All practical men will agree 
that it takes more labor to Install largo 
pipe than small siies. If radiators are 
all connected with IVj-lnch and 1^-tnch 
valves, and all pipe of equal proportions, 
the labor per radiator will cost from 
fl.GO to t2 more than If the radiators 
are connected with 1-lnch and %-lnch 
valves, with pipe sizes to correspond. 




Fig. 133 shows the method of con- 
necting the returns from radiators No. 1 
and No. 2; the dotted lines showing how 
they were changed to connect to the bot- 
tom of the boiler. 

In Fig. 134 we show the same basv- 
ment plan with an Improved system of 
piping. Not only will this give better 
service, but the pipe and flttlngs will 
cost }7& less, and the labor f50 less than 
If installed as shown In Fig. 166. In this 
improved system, line "A" Is a 4-tnch pipe 
and carries 1.2SG square feet of radiation. 
FYom this pipe Is taken a 2i;^-lnch branch 
on line 'C," which carries 565 feet ot 
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radiation. The connectlone are taken out 
a( the top of this pipe, and tlie retumti 
dropped to a point near Ihe basement 
floor, and are tiiere connected to the re' 
turn, which Is shown by the broken line. 
Line "D." consisting of a 3-inch main, 
Is also carried from this 4-lnch pipe and 
lakes in the radiation In the northeast 
corner of the building. The first three 
ronnectlOQs from this line drop back into 
a return near the basement floor, hut the 
return from the remainder of the radl- 
alors goes Into the same pipe, the flow 
being taken out of the top and the return 
being taken into the aide. Line "B" la 
a 3-lnch pipe, from which the radlatoi-a 
are fed from the top. the returns being 
taken into the side of the main. This 
line is carried in the same pipe until the 
point "E" Is reached, where the end of 
the main drops Into the main return, and 
Is carried back to the boiler along the 
basement wall, near the floor. Lines "A" 
and "B" pitch down from the boiler, lln; 
"A" dropping to the return at "P," and 
line "B" Iropping at "E." This gives ex- 
cellent circulation throughout the entire 
system, as the three lines have each their 
own motive power, which Is the difference 
In weight between the rising and falling 
column. The high point of lines "A" and 
"B" are at the boiler and are connected 
together at the top of the main by a 
'<i-inch pipe. From thie ^4 pipe a line Is 
carried to the expansion lank, which re- 
lieves all the pipe In the basement of air. 
There are people in the heeting buslnesB. 



who believe that pipes tor water heating 
apparatus must pitch up from the boiler. 
This, however. Is a fallacy, and an appa- 
ratus properly installed, as is shown by 
Fig. 167 will give much better results, 
and will cost less than any other base- 
ment system. Where a building Is three 
or four stories In height and has attic 
room, the overhead system will be found 
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Still better and less expensive, both In In- 
stallation and operation. 

In Fig. 136 Is shown the returns from 
lines "C." "B" and "D." Notice that the 
return from No. 1 radiator is carried 
down and connected to the bottom of the 
rising pipe from the return to boiler. 
This Is done to warm the water In that 
piece of pipe and start circulation. 



CHAPTER XXX. 

WATKH UKATI.Ni; ATPABATIS IN XEW ZI^ALAND. 
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In receipt of the follow- 
I lea t Ion from one 

Bubscribers In New 
Zealand: 



a |)]ai> of a 



hMtlng Jnb w. 
■ball b« obliit^ it fuu will publltb 
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□pInloD 



eaders 



To begin witb. 
■ euiiy uf the [up story aad ha 
the «econd ban 30 radtatoni. a 
flat baa IN rndlBtora, In all Tl'. 
ment we bare placed two Elala.v boilers t 
Dieled logelber. and from lb em we have mi 
Hepnrsle ]>l|iv to each Ital. We may here ai 

0(1 liar only larjiP enough 



^Ing li 



twae 



bollcrx 



lotlce 
■ Journal 



• plan 



e aeviTsl radlalo 
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supplied each flat with acpa- 


rate malne and b 


ranehes In [he radlalors. 
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Ut. ' What sli. 
■Jd. Wbut iR fl 


f at ninliiB are required for 


le least fait Id the mains re- 


quired to give sal 


Isfaclory beating resultnV 


:(d. wbBt siie 


of radiators la required to 










each radiator w 


itb HiilBide temperature at 






Slh. U It new 


u,ary to cover flow and rpiurn 


plpea with aabealo 






Blvea bv placed on all pipes 


coming out of boll 




Ky supplying II 




any other tbat li 


. necessary for the sutlBfac- 


lory working of i 


Ihls nystem, you will greatly 



ohllge. 



crlbera. 



The tracing of floor iilana, FIr. 136, 
whicb wae sent lo us with iMb 
communication. repreBents the third 
or top floor of the building in which 
they dealre to Install a water-heat- 
inE apparatuB. Beyond giving the 
length nnd width of the room, the 



planB give almost no information. The 
height of ihe celling is not shown, nor le 
it poBslble to determine the quantity of 
external glass and wall throtigh which 
the rooms will loae their heat. There is 
nothing to show what the building ta to 
lie used for. It may lie a club house, or 
offlcera' quarters, or the lower door may 
be devoted lo stores. Had our correspon- 
dentB furnished us with a complete set 
of pliinB showing the different floors, and 
an elevation, ahowlng the glass exposure 
and height of ceilings, we could have 
made them a complete heating plan. 
which. Judging by tbe letter, would be 
very acceptable. 

We do not understand the Idea of run- 
ning a set of mains around the celling of 
each floor. This would be a most expen- 
sive way to do the work, and would spoil 
the appearance of the rooms. If there Is 
any attic, or room enough for a man lo 
work between the roof and the celling 
JolstB of the top floor, the proper way to 
heat this building Is by the overhead sys- 

We can only guess at the radiation, 
which we place at between 3.000 and 3,C0n 
feet for the entire building. This would 
give between 1,000 and 1,200 square feet 
for each floor, and If the pipe can be dis- 
(rlbuted in tbe attic, or if not. on the 
ceiling of the third Boor, a 4'lnch main 
running from the boilers to the top. will 
carry the radiation if It does not exceed 
four of Ave thousand square feet. 

The Becond question asked by our sub- 
acrlhers Isr What Ib the least fall of the 
mains to get satisfactory heating resultsT 
All that is necessary to remember In this 
respect is to run the mains so the water 
will drain out of them when ihe system 
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1b emptied. It is usual to give the mains 
B pitch of 1 Incb in 10 feet, but It U sut- 
flclent lo have them run eo that they will 
drain; that is all that Is necesaary. 

The third question Is: What air.e of 
radiator is required to heat each room? 
To determine this we must know the 

: rontenta of (he room, the number 
of square feet of exiioaed wall, and the 

ber ot square feet of exposed glass. 



As we have not this data, we give here a 
rule by which our correspondents can fig- 
ure each room themselves. 

We understand the outside temperature 
will be about 30 degrees, and the inside 
65 to 70, We also assume that the build- 
ing is of fairly good construction and 
that no speclul ventilation is provided, 
so That we will assume that the air in 
the different rooms will change 
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boiir. To tbe number of square feet of 
glBBB in any given room, add one-quarler 
of ihe number o( square feet of exposed 
wall surface, and call the sum o( the two 
"equivalent glass surface." Divide this 
by three, which will show the quantity of 
radiation required 1o offset the cooling 
influence of the glass anil wall. Take Ihe 
cubic contents of the room and divide (he 
same by 200. This will show the quan- 
tity of radiation required to warm the 
Incoming air. providing the air does not 
change oftener than once per hour. If 
the fllr changes twice per hour, the cubic 
contents of the room must be divided by 
Htn. and so on. Consider a room 15x15 
feet by 10-foot celling, with two walls eit- 
I'osed. each outside wall having a win- 
dow rontnlning 30 square feet of glass 
anil sash. Here we have: 

IJIhM (MJ BQ, (I. 

Wnll. -iUt ~ 4 = IM» nq, tl. 

'2\i tHiundc S.3 siiiiure fwt 

poiiDdK 10 niuarp tert 

;iii pnundB li.aa unuHrc Ipet 

i pound! 13.3a Kiiiire tret 

The cubic contents of the room is 2,250 
square feet. To obtain the radiation, we 
divide 120 by 3. which gives us 40 square 
feel, imd dividing 2.250 by 200 gives us 
11 square feet, showing that the room 
will require 51 square feet of radiation 
to heat it with water under above con- 
ditions. 

Proceed In this manner with all the 
rooms on each floor, adding s little radi- 
ation to the rooms thai are subject to the 
prevailing winds In cold weather, and 
taking a little from the sheltered rooms. 

The fourth question asked by our cor. 
reepondenls Is: What heal will be giveu 
off by each radiator with outside tem- 
perature at freezing point? To answer 
this question intelligently we must state 
that radiation Is not affected by the tem- 
perature of the outside air. but by the 
temperature of the air aurroiinding the 
radiator. The temperature outside may 
he zero, while the temperature of the 
room lu which the radiator stands may 
be 70 degrees. The radiator, therefore, 
is affected by the air at 70 degrees, and 
will give off heat accordingly. One square 



foot of water radiation at a temperature 
of 170 degrees, and standing lu air at 70 
degrees, without any special ventilation. 
will emit about 150 British thermal units 
per hour. 

Fifth question: Is It necessary to cover 
flow and return pipes with asbestos? If 
the main are run In the attic, it will be 
true ecouomy to cover them with asl>es- 
los and hair felt, or any other good cover- 
ing that will prevent lose of heat, and It 
will also be a good plan to cover the re- 
turns It they are under the floors. It. 
however, the mains are run on the cell- 
ing of a room. It will be as well lo use 
them for healing purposes, and put in as 
much less radiation as there are square 
feet In the mains. 

Sixth question: Should valves be 
placed on all pipes coming out of boilers? 
Valving Ihe flow and return pipes is not 
at all necessary In water heating. It is 
frequently done so that In the event of a 
leak the different sections may be cut out 
and repairs made without shulllng down 
the entire apparatus. We would like 
to caution our correspondents In regard 
to valving flow and return mains. It bait 
happened more than once that where the 
mains were valved, they were all abut 
off for some purpose, and then a Ore 
kindled In the boiler without opening 
them. Under these conditions the ei- 
pansion of the water will fracture the 
boilera, and cause a great deal of loss 
and damage. Wherever valves are put 
on the mains of a water-heating Job there 
should be a good, reliable safety valve 
placed between the valves and the boiler. 
This safety valve should be set at a. point 
10 or 20 pounds above the static hearl 
of water: then If a lire Is started in the 
boilers without opening the valves, the 
safety valve wilt give relief and no harm 
Is done. 

We reproduce herewith the floor plan. 
Fig. 136. sent us by our correspondents, 
showing the radiators as they have mark- 
ed them. Those which we think are in 
the wrong location we have crossed out, 
and show the radiators In other posltiom*. 

We show two round boilers, occupying 
the position Indicated on the plana, whlcb 
we connect together, and run from th« 
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cross connection a 4-lncb riser to the down to the most remote radiator. From 

attic o( the building. Wlieii this riser these 3-liicb mains, branches are taken 

reaches the attic a tee 3x3x4 Is con- out of the aide of the main and dropped 

nected to end of same, and from this to the basement or boiler room. The 

tee two 3-tnch lines are run, pitching radiators are tapped top and bottom on 
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the same end, and are connected up to 
thts single riser, as is ebown In the ele- 
vation. Fig. 137. 

In this elevation are shown two rlBers 
dropping from thlB attic lo the bsBement. 
one riser Is 2 inches and carried hI;i radi- 
ators: the other riser Is IVj Inches and 
carries three radiators. 

This system is employed very exten- 
sively In Ihia country In building ot this 
class, and will always work satisfactorily 
If properly installed. 

To aid our correspondents In deter- 
mining the size of these drop risers, we 
will say that tor three floors a 1-lncb 
riser will carry three radiators conlaln- 
infi 3(1 square feet each: a Hi-luch riser 
will carry three raillators containing 75 
square feet each; a I'/^-inch riser will 
carry three radiators conlalnlnB lUO 
square feel each: a 2-inch riser will carry 
six radiators containing 125 square feet 

If there is no room under the ground 
Hoor to run the returns, then these re- 



turns will have tc 
board of the ro< 
win have to be i 
that the returns 
tbink, however, i 



be r 



and 



iilong the base- 
he radiators 
high legs BO 
;ed. We 



■ correspondents will 
find no difficulty in getting room for the 
returns underneath the floors. It will 
be better lo do a Utile excavating than 
to attempt to run them in the rooms. 

It will be noticed by the elevation plan 
that the top ot the 4-lnch riser Is the 
hi^h point. The tee is tapped in the top 
'^i Inch, and this %-laeh pipe connected 
to the bottom of a lOO-galton expansion 
tank, which is shown on ItB side, as we 
assume that there would not be room In 
the attic to use the tank In a vertical 
position. From about the center of this 
tank a -yi-lnch tell-tale pipe Is curried 
liack to the boiler room and equipped 
with a valve. In Ulling the apparatus 



the water is allowed to run until it shows 
In the tell-tale pliw. The water Is then - 
shut oH and the apparatus will be tound 
full of water up to the center of the ex- 
pansion tank. A Are may then be started, 
and as the water expands in Che system 
It may fill the expansion tanli. and any 
surplus win be carried out through the 
.vent pipe, which Is shown carried up 
through the root. It will, ot course, be 
necessary In this system lo have the wa- 
ter above the mains In the attic, other- 
wise the system will not beat. 

As our correspondents probably know, 
a syslem of (bis kind does not require 
any air valves, all the air being carried 
up and into the expansion tank. In con- 
necting Ihe radiators from (he riser, it is 
best to arrange to talie the connection ofT 
the side of the tee. so as to have a swing 
joint. Where two radiators are connected 
a cross may be used. For the returns It 
Is better, where It can be done, to place 
the tee or cross below the floor and 
look up to the radiator, placing the con- 
trolling valve on the return line. Of 
course, the valve may be placed on the 
How pipe, al the top of the radiator, but 
It does not look as well. Our correspon- 
dents must bear In mind that a 3x3x4 
tee on lop of the 4-inch riser is the h!gn 
point of the system, and from that every- 
thing must tall slightly toward the boiler. 
so that the water will drain out of it 
when the system Is empty. 

When the branches tor the risers are 
taken out of the main they must come 
out ot the side. If they were carried off 
the top. an air trap would be formed and 
no water would pass. 

The return mains in the basement cor- 
respond In size with the flow pipes in th« 
attic. 

For full details of the overhead a 
see Chapters VII. and VIII., where are 
shown plans of succeesfui working Jobs. 
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CHAPTER XXXI. 

UKLATIVK VALl'K OF UKATING SLKFACE IN BOILEKS— SIZE OF CHIMNEY FLUES. 



IN selecting a boiler for house-heating 
purposes, it is not always safe to 
rely on the ratings in the various 
boiler catalogues, for this reason: 
A boiler that will work up to its full 
rated capacity under one set of condi- 
tions may be an utter failure in another 
installation, although the load on the 
boiler under both sets of conditions may 
be exactly the same. This applies more 
particularly to boilers which have a large 
amount of flue surface and a long fire 
travel. Such boilers will only do their 
best where there is a very strong draft; 
when attached to a chimney where the 
draft is indifferent they may not carry 
half the load assigned to them in the 
I'atalogue. 

The reason for this is that every pound 
of coal burned requires for its perfect 
combustion a quantity of air, which may 
be stated, theoretically, as 150 cubic feet. 
In practice, however, the amount re- 
quired for good combustion will run from 
50 to 100 per cent more than the theo- 
retical quantity. When, however, there 
is an insufficient supply of air, the coal 
will burn away just as rapidly, but will 
yield much less heat than when there 
is a sufficient quantity of air. 

To put the matter plainly: Each atom 
of carbon requires for its perfect com- 
bustion two atoms of oxygen, and when 
the carbon combines with this quantity 
of oxygen it bums to carbon dioxide and 
yields per pound 14,500 heat units. If, 
however, through an insufficient air sup- 
ply there is less than two atoms of oxy- 
gen to one of carbon, the carbon will then 
combine with but one atom of oxygen, 
and will bum to carbon monoxide, yield- 
ing 4.500 heat units, or less than one- 
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third the heat given ofP where the com- 
bustion is perfect. 

Now, when a boiler with long fire 
travel is attached to a chimney flue of 
scant size, the gases cool before entering 
the chimney and the velocity of the ris- 
ing column of air is not sufficient to pull 
enough air into the mass of fuel to pro- 
mote good combustion. 

A boiler with a direct draft will de- 
liver the gases into the chimney at a 
higher temperature, which will increase 
the velocity of the draft and cause an 
increase in the flow of air through the 
fuel, giving better combustion and higher 
efficiency. 

This will explain the reason that in 
some installations a boiler may bum a 
large amount of coal with very low heat- 
ing effect. Thomas Box, in his "Treatise 
on Heat," page 82, paragraph 111, in 
speaking of the effect of an insufficient 
air supply, says: "This will explain the 
anomalous fact that where there is a 
bad draft, not only is there difficulty in 
keeping up the steam, etc., but that there 
is a great consumption of fuel for the 
work done. It might be expected that 
with a dull, slow flre, few coals would be 
burned, or if, by dint of forcing, fuel was 
largely consumed, it must yield the heat 
due to it, but it will be evident that it is 
possible for there to be a dull fire, a large 
consumption of fuel, and little useful re- 
sult at one and the same time, and all 
this arising from insufficient draft.^' 

In installations where there is any 
doubt about the draft, it is always good 
practice to select a heater that has a short 
flre travel and direct heating surfaces. 
The draft, or rate of combustion in this 
direct draft boiler can be controlled by 
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a good cross damijer in the smoke pipe 
and under theBe tondllione better fuel 
economy cao be obtained than where an 
attempt is made to retain all the heat 
In the boiler, which is. of courHe, an Im- 
posBlblllty. Ab a matter ol fact. It is Im- 
pOEHlble to get good coiubustion In fuel 
or expect it lo yield a hlgli calorlHc power 
unleBB there Is euflldent heat In the chim- 
ney flue to produce an Intensity of draft 




FIGURE 136 
sufEclent to draw the necessary amount 
of air Into the bed of fuel. Of course, 
It Ib generally understood that the draft 
in a chimney is caused by the dlHerenc. 
In the weight of two eoliimna of air. Tlie 
greater the difference In temiierature be- 
tween the column of air In the chimney 
and the outside temperature the greater 



will be the weight between the two col- 
umns and the higher will be the Telocltjr 
of air within the flue. 

Experiments made In recent years show 
that In house-heaiing boilers a tempera- 
nire of from 300 lo 500 degrees F. In the 
smoke pipe will give a greater econoni) 
per pound of fuel than wilt a temperii- 
tiire below 300. Tiie ditTerence, how- 
ever. Is not BO great as many people 
suppose. The ordinary householder. In 
running his boiler In the fait and spring. 
Hnds that the Are will lust from twelve 
lo twenty-four hours without attention, 
longer. He. therefore, con- 
kt if he can get a boiler with 
juBiion he Is going to save an 
amount of fuel, overlooking 
the Tact entirely that In mild weather, 
when he Is burning a small amount of 
fuel, the holler Is doing scarcely anv 
work; In other words, he has no means 
of meat^uring the unit of woric against 
the unit of fuel. 

The beat that can be obtained from a 
pound of anthracite ooal In practice is 
about 75 i>er cent of Its heating power, 
and at this rale one pound of anthradte 
coai win tak ecare oC 3.7& square feet of 
sleam radiation at two pounds pressure 
for eight hours; that Is. it will roalnlain 
a lemperaTure ol 218 degrees in 
sciuare feet of radiation per hour tor, 
eight conlinuona hours when the tempenh 
lure of the air surrounding the radial 
is 70 degrees. Where the temperatui 
the smoke pipe is about the same as tlint 
of the steam, or say 218 degrees. Ihi' 
waler will absorb a lower percentage of 
the ralorlflc power of the fuel, l>ecauee 
the combustion will not be so good. 

In regard to the various kinds of heni- 
Ing surfaces, it Is. of course, a well- 
known fact that horizontal surfaces, di- 
rectly over the Are, will transmit heal 
more rapidly than when placed In a ver. 
Ileal position or at any other angle, but 
it must be borne in mind that while 'his 
is true, such direct horiaontal surface Is 
limited to the flrst section over Ihe Are 
pot, which masks everything above li. 
The manufacturere of boilers are gradu- 
ally coming around to this 'lew of the 
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matter, and modern builders are making 
their boilers with either vertical Burfaces. 
or, where horizontal eurtace la used, the 
gns pussiigeE are made very large so thai 
the uiiper sections receive a greater pro- 
portion of Ihe radlani hral th:in is i 




FIGURE 13 



ble where the flues are just large enough 
Tor the volume of gases to escape. There 
are many boilers on the market whose 
CUE passages or dues are entirely too 
small. The gases In passing through 
these narrow flues cool very rapidly and 
Ihe heallag surfaces of the boiler which 
Mre far removed froni Ihe fire are of lit- 
tle or no use; in fact, there are boilers 
Id which the value of the healing surface 
nnr the smolte pipe Is a miniiii quantity, 
giving off the heat of the waler or steam 
lo Ihe gasep Instead of receiving heat 
from them. 



«e. 



. repri 



through 



tf horizontal heating sections of a round 
MUr. The value of the imder side, 
whleli Is ne:tt to Ihe Are, is 100; the 
Ities or gas imssages through the section 
l* 60 and the top of the section is 0. The 
'^ason that the top of ihe section has 
"o value as heating surface is, (trst, be- 
t^BUBe It is masked from the Are; second. 
'he water In the top of the aeetloa re- 
•^'ves its heat from the holtom and will 
'*^t coniluct heat to Ihe lower strata be- 
caiise water is a poor conductor of heat: 
^^d third, because there is usually a BIm 
''I tow on the upper surface of the sec- 



tlouB. which 1b a good non-conductor. 

The sections above section No, 1 receive 
very much less beat than is generally 
supposed. If the gas flues are propor- 
tionate to the volume of the gases only, 
the second section will transmit less 
than half as much heat as will the one 
below It, and it there are enough sec- 
tions to retard the draft and kill com- 
bustion, Ihe boiler will not work until 
enough of the top sections are taken off 
to permit a free ilow of Ihe gases. 

Fig, No, ia9 represents s section 
through vertical heating surfaces, in a 
square section boiler. While Ibis verti- 
cal surface is on a plane with the rising 
gases and its value is &0. as against 100 
for flat surface, at right angles with the 
escaping gases and dlrecily over the fire, 
yet the quantity which can be presented 
to Ihe direct raj's of the Are is limited 
only by the size ot Ihe holler. Then, 
again, the waler in the vertical surfaces 
has a greater capacity for absorbing or 
carrying off the heat ot the Are than is 
possible In horizontal surfaces, because 
in the vertical surface the water moves 
rapidly, and ihe more rapid the move- 
ment ot water in a boiler the greater Is 
Its heat- absorbing capacity. 

Figs, Nob, 140. 141 and 142 are colled 




FIGtJBE i« 
from Box on heat, and show (he effective 
heating aurfatre ot Ihe various forms 
when exposed to the Ore, The Are be- 
ing on the lower side of the figures, the 
How of the radiant heat is tn an upward 
direction. 
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In all these figures Box considers the 
top surface of no value for the transmis- 
sion of heat. 

In domestic steam boilers in practice, 
a square foot of heating surface will 
evaporate from 2 to 6 pounds of water 
per hour, according to the position of the 
heating surface and the rate of combus- 
tion. If the evaporation is but 2 pounds 
per square foot per hour, one square foot 
will care for 6.66 square feet of radiation 
at 2 pounds initial pressure. 

-^ potiDds 8.3 square feet 

.'{ poiindR 10 square feet 

.'impounds 11.66 square feet 

4 pounds 13.33 square feet 

5 pounds 16.66 square feet 

6 pounds 20.00 square feet 

Boilers with very direct draft can be 
forced to evaporate as high as 8 pounds 
I)er square foot per hour, but at the ex- 
pense of the fuel. Domestic boilers 
should be so constructed that they will 
evaporate from 3'^ to 5 pounds of water 
per square foot of heating surface per 
hour, without undue forcing. 

It is not the intention here to write a 
treatise on boiler designing or to give . 
advice to boiler manufacturers, but to 
suggest to the inexperienced fitter how 
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FIGURE 141 

to avoid the trouble incident to selecting 
the wrong kind of boiler for a given in- 
stallation. 

The value of good combustion cannot 
be too strongly emphasized, and without 
a strong draft and a hot fire box, the 
fuel will burn away and yield a low per- 



centage of Its heating power. Consider- 
ing the fact that coal, burning to perfect 
combustion, will yield three times as 
much heat as when through a lack of 
oxygen the combustion is at its worst, we 
must see the importance of selecting a 
boiler that will not be handicapped by 
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FIGURE 142 

having a long, narrow and tortuous fire 
or gas gravel. To sum up, boilers with 
more than 50 per cent, of fire or indirect 
surface, should only be attached to a 
chimney flue of such proportions as will 
insure a strong draft. The question will 
naturally arise, "How am I to know when 
the flue is of ample size to insure good 
draft?" 

The following table of sizes is a safe 
guide to follow, and where the flue is 
much below these requirements, select 
the boiler with the most direct draft that 
can be found: 



Steam 
radiation. 

.•U)0 

(UK) 

JK>0 
1200 
1 500 
1800 
2100 
2400 
2700 
3000 
4000 
5000 
tiOOO 



Water 
radiation. 
4.'i0 
1M)0 
1350 
1800 
2250 
2700 
3150 
3600 
4050 
4500 
6000 
750(» 
9000 



Height of 
chimney. 

35 

35 

40 

40 

40 

50 

50 

50 

50 

60 

60 

60 

60 



8 
8 
12 
12 
12 
14 
14 
16 
16 
20 
20 
24 



Sixesq. 

chimney 

inside. 

8 X 8 

s 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 



12 
12 
12 
12 
12 
14 
14 
16 
16 
20 
20 
24 

12 



It is a fact that a round chimney 
inches in diameter is as effective as on* 



HOUSB HEATING BT STEAM AND WATER. 147 

12 X 12 inches, although the area of the ing roof tops and there must be no 

round chimney is 113 square inches, other openings in the flue to admit air. 

while the square one is 144 square inches. Every cubic foot of air that enters the 

It is understood, of course, that in chimney without first passing through 

specifying the height of a chimney, the the grates of the boiler cools the escai> 

top must be above that of the surround- ing gases and weakens the draft. 
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CHAPTER XXXII. 



BOILER CAI»ACITIF» AND FUEL CONSUMl'TIOX. 



AS the majority of the house 
heating boilers on the market 
are used for both steam and 
water heating, it is usual to 
ascertain by evaporative tests what the 
steam boiler will do. and to the capacity 
of the steam boiler add 65 per cent, for 
the water heating capacity. 

This is a somewhat arbitrary rule and 
is based on the assumption that one 
square foot of steam radiation at a tem- 
perature of 219 degrees Fahr. will emit 
or give off 293 heat units, when the sur- 
rounding air is 70 degrees, and that one 
square foot of water radiation at a tem- 
perature of 170 degrees will emit 177 
heat units with the surrounding air at 
70 degrees. The temperature difference 
between the steam radiation (219 de- 
grees) and the air (70 degrees) is 149 
degrees and 293 heat units per square 
foot per hour is equal to 1.96G heat units 
emitted per square foot per hour per de- 
gree of difference between the tempera- 
ture of the radiator and the tempera- 
ture of the surrounding air. 

The temperature difference between the 
water radiator (170 degrees) and air (70 
degrees) Is 100 degrees, and 177 heat 
units emitted per square foot per hour 
is equal to 1.77 heat units emitted per 
square foot per degree of difference. 

The leading authorities of the present 
day are agreed that one square foot of 
radiation at 220 degrees standing in air 
at 70 degrees will condense from 0.25 to 
0.3 pounds of steam per hour, the latter 
figures being equal to an emission of 
289.8 heat units per hour and per square 
foot per hour per degree of difference is 
equal to 0.002 pounds of steam or 1.932 
heat units. Now, as the temperature dif- 
ference between the water radiator at 



170 degrees and the air at 70 degree is 
100 degrees, the water radiator will emit 
193.2 heat units per square foot per hour 
as against 289.8 heat units per hour for 
the steam radiator — a difference of 50 
per cent. 

As a matter of fact radiators are not 
all of the same efficiency, and it is not 
possible to say exactly what the rate of 
condensation is, but for the purpose of 
computing boiler power required it is 
safe to figure .002 pounds condensa- 
tion per square foot per hour per de- 
gree of difference, which, as we have 
shown, is equal to 1.932 heat units. To 
facilitate calculation, we will call the lat- 
ter 2 heat units, and present the follow- 
ing table which shows the percentage of 
difference between water and steam radi- 
ation at different temperatures, the sur- 
rounding air being 70 degrees: 



Temperature 


Temperatui-e 


Increase of 


of Steam 


of Water 


Water Over 


Radiation. 


Radiation. 


Steam. 
Per Cent. 


220 


180 


36.3 


220 


170 


50 


220 


160 


66.6 


220 


150 


87.5 


220 


145 


100 


212 


180 


29 


212 


170 


42 


212 


160 


m^ mm wm 

Oi.l 


212 


150 


77 


212 


145 


89.3 



This per cent, of increase applies to 
boilers as well as radiators. In very cold 
weather the steam radiation will often be 
at a temperature of 220 degrees, and if 
we could be sure of a temperature in 
the water radiator of 170 degrees, then 
but 50 per cent, increase would be re- 
quired, but, owing to the various methods 
of piping, the loss of heat in a water 
heating job, between the boiler and the 
148 
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radiator, is not easily computed and is 
frequently much greater than it should 
be. It is, therefore, good practice to 
figure for the coldest weather an average 
of 220 degrees in steam radiation and 
165 for water — or 60 per cent, difference. 

The highest type of house heating 
boiler will evaporate on an average nine 
pounds of water per pound of anthracite 
coal. 

To ascertain the capacity of a steam 
boiler we must know how much water it 
will evaporate per hour and by dividing 
that amount by the rate of condensation 
per square foot of radiation we . arrive 
at the number of square feet of radiation 
the boiler will carry. 

Suppose the boiler will evaporate 180 
pounds per hour. Dividing by .3 gives 600 
square feet; 240 pounds per hour 800 
Kquare feet; 900 pounds per hour 3,000 
square feet, etc. 

Now, if a given boiler evaporates 80 
pounds of water per hour and burns one 
pound of coal for every seven pounds 
evaporated, there will be required 25.7 
pounds of coal to take care of 600 square 
feet of radiation for one hour. If the 
boiler evaporates 8 pounds of water per 
pound of coal burned, there will be re 
quired to carry the 600 square feet of 
radiation one hour 22.5 pounds, and If 
9 pounds of water are evaporated per 
round of coal but 20 pounds will be con- 
sumed. 

In niacins: fJie radiation in a house we 
figure for enough to warm the rooms to 
70 degrees in the coldest winter weather, 
and the boiler should be large enough to 
Qialntaln the required temperature in the 
radiators for eight hours without atten- 
tion. 

We have shown that the most efficient 
filers will consume in the coldest 
leather 20 pounds of coal to maintain a 
temperature of 220 degrees In 600 square 
^eet of radiation for one hour. Then for 
^ight hours there would be required 20 X 
^ = 160 pounds, and at the end of eight 
^ours we must have enough live coals to 
*^nlte a fresh charge of fuel. Experience 
^^aches us that this reserve is equal to 
^5 per cent, of the fuel required for 
Consumption — ^In this case 40 pounds — 



which makes the proper hard coal ca- 
pacity for a 600 square foot house heating 
steam boiler 200 pounds. If a 600 feet 
boiler will evaporate only 8 pounds of 
water per pound of coal, the fuel capacity 
must be 225 pounds, while 7 pounds of 
water per pound of coal will require a 
fuel capacity of 257 pounds. 

The accompanying diagram, Fig. 143, 
represents a graphical method of ascer- 
taining, without the labor of figuring, 
the quantity of coal required to do a 
given amount of work. The diagonal 
lines are the lines of efficiency based on 
the percentage of calorific or heating 
power of the coal utilized by the boiler. 

Do not confound this with the efficiency 
based on the combustible of the fuel, as 
there is quite a difference. We use coal 
efficiency because It Is more easily under- 
stood. 

The calorific power of anthracite coal 
is taken at 12,000 heat units, which is 
about all a pound of the average coal 
will yield In house heating work. 

Seven pounds of water evaporated from 
and at 212 degrees Faht. Is equivalent to 
6,762 British thermal units, or 56.3 per 
cent, of the calorific power. Eight pounds 
equal 7,728 heat units or 64.4 per cent. 
Nine pounds equal 8.694 heat units or 
72.4 per cent. Nine and a half pound.s-. 
equal 9,177 heat units or 76.5 per cent. 

The diagonal lines, numbered 1, 2, 3, 4,. 
are for steam radiation running at 220* 
degrees temperature in 70 degrees of air 
for eight hours without attention. 

Line 1 represents an evaporative power 
of 6.73 pounds pel- pound of coal; line 2,. 
7.73 pounds; line 3. 8.73 pounds; line 4,. 
9.17 pounds. 

The diagonal lines, numbered 5, 6. 7, 8. 
are the corresponding lines for water* 
radiation running at 170 degrees for eight- 
hours. 

Line 5 represents 6,500 B. T. U. utilized! 
per pound of coal; line 6, 7,500 B. T. U.;. 
line 7, 8,400 B. T. U.; line 8, 8,800 B. T.. 
U. 

Each horizontal line represents four 
square feet of radiation, and each ver- 
tical line one pound of coal. 

Suppose It is desired to know the size 
boiler necessary to carry 1,300 square 
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feet of 9team radiation at 220 degrees 
tor eight hours dd one coaling wll.bout 
atienlloii to fire. 

Selecting a boiler of tlie best type we 
use Uie diagonal line No. 'i and And that 
100 pounds of foal will curry 3(i2 square 
feet of radiation — 300 pounds will carry 
l.OSe feet, leaving 2H feet of radiation, 
the line of which Intersecle diagonal line 
No. 3 at the vertical line representing 59 
pounds of coal. We. therefore, requjri^ 
3Gd pounds of coal plus 25 per cent., or 
a total coal capacity of 448 pounds to pro- 
vide for maintaining 1.300 square feel 
of radiation at a temperature of 220 de- 
grees for eight hours without attenllon 
to the Are. 



Ae the Blagonal lloea representing 
water beating do not run so high as lOO 

pounds of coal, we can use the veniciil 
line representing 50 pounds. 

It may be well to state that the amount 
of coal required to do a measured amount 
of work has no relation to the quantity 
of coal re;|uired for a full heating season, 
becau.se It Is seidom thai every square 
fool of radiation Is in cotomlaston for 
any sustained period. 

It is usual lo calculate roughly thai 
100 square feet of steam radiation will re- 
quire three tons of anthracite coal, or four 
and one-halt tons good soft coal, for thp 
beating season of 20o days, and In water 
heating from one and a quarter to one 
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and one-half tons per 100 square feet of If, however, it were possible to run the 

radiation per season. Thus, 1,300 feet of apparatus every hour of the 200 days at 

steam radiation will require approxi- a temperature of 220 deg. in the radiation 

mately 39 tons of anthracite coal or 59 and the surrounding air 70 deg.. the coal 

tons of soft coal for the heating season, consumption would be 107.5 tons. 




t 



IN Chapter XXXII. we jiresentetl a 
illugram of ihe relation of coal to 
radiutioQ based oii a ruii of eigbl 
hours. We now show in Fig. 144 s 
dluKrani based on a aiii-hour run. which. 
of coui-ae. shows an Increase ot radiation 
per pound of cohI. 

ThlB syBlem of rating; boilers mast not 
be carried to extremes in either direction. 
For exaniplp. If h boiler will carry 600 



square feet of radiation for eight boursoi 
one charge of fuel, it does not follow (hal 
it would larry 1.200 feei for four hours, 
or 2.400 feet for 2 hours, because the coal 
could Dot be burned nt Ibat rate. II ii, 
however, safe to figure that & boiler n 
direct ilrud tan be so run as to take all 
the way from Ave to ten hours to burn its 
charge of coal. 
Many boilers do their best work and 
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show the greaieBi ecoiianiy ot fuel when 
the gaees are leaving ihe boiler at about 
3TS ro 500 degrees P. Wbtn tbe gases leave 
the boiler al temperature of 700 degrees, 
there is aorae waste of fuel, but not so 
much as the high temperature would Indi- 
cate because of the inrreHseiJ yiflil of heiU 
due lo good romliiiMtinn. 



ir a boiler is rated to tarry 80U feet 
uf steam and if in burning the fuel tt 
absorbs or utilizes S.5i)i> heal units from 
each pouDi) ot coal burned, there would 
be required 28.2 [lounds ot coal iier hovir; 
and if the tire pot of boiler held but 150 
poiindB, deiluclinc 2fi jier cent, for tbe 
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pounds available, which would last but 
4 Y2 hours. To carry the 800 feet of steam 
radiation for eight hours at 220 degrees 
temperature and 70 degrees air, would re- 
quire, under the conditions named, a hard 
coal capacity of 282 pounds. 

If the boiler utilizes 9,000 heat units 
per pound of coal, there will be required 
26.66 pounds per hour to supply 800 
square feet of radiation, or 213.28 pounds 
for eight hours, to which we must add 
25 per cent, for a reserve, making the re- 
quired fire pot capacity 266.6 pounds. 

If 9,500 heat units are utilized per 
pound of coal, the hourly consumption 
will be 25.2 pounds, or 201.6 pounds for 
eight hours or a fire capacity of 252 
pounds. These figures are obtained by as- 
suming that a square foot of radiation at 
220 degrees in air at 70 degrees will lose 
300 heat units per hour, then 800 square 
feet will lose 800 x 300 or 240,000 heat 
units per hour. If each pound of coal 
gives off to the water in the boiler 9,000 
heat units we divide 240.000 by 9,000 to 
see how many pounds of coal is required 
per hour. This we find to be 26.66 pounds. 
Mutiplying this by 8 gives 213.28 pounds 
of coal burned in eight hours, and when 
we add 25 per cent, for a recoaling re- 
serve we find the coal capacity of the 
boiler must be 266.0 pounds to be exact. 

Now, as we have assumed a high ef- 
ficiency for the radiation and have also 
assumed that it will be in full commis- 
sion every minute of the eight hours, it 
follows that radiation of less efficiency, or 
where all of the 800 feet is not in active 
oi)eration, there will be less coal required. 
In Fig. 32 we show by diagram the 
amount of radiation in square feet which 



one pound of coal will take care of when 
burned in boilers at different calorific 
powers available. 

Where the power available, that is. 
where the power of the fuel utilized by 
the boiler, is 6,000 heat units, one pound 
of fuel will take care of 2.5 square feet of 
radiation for eight hours If 9,000 heat 
units are utilized, one pound of fuel will 
take care of 3.76 square feet, a difference 
of 50 per cent. 

The point of all this is that there are 
boilers on the market to-day that will 
actually utilize but 50 per cent, of the 
calorific power of the fuel, or 6,000 heat 
units per pound of coal, while others will 
utilize 9,000 heat units, and yet the trade 
pay exactly the same price for the two 
types of boilers because they do not know 
the difference. 

If the trade should insist that the 
manufacturers furnish them with the fuel 
capacity and the quantity of water in 
pounds that each boiler will evaporate 
per pound of fuel when run for eight 
hours on one filling, there would soon be 
a weeding out of the inefScient boilers, 
and the complaints of over-rating would 
cease. 

To use the diagram. Fig. 145, it is neces- 
sary to know about what degree of ef- 
ficiency to look for in boilers. We there- 
fore take the vertical line 8,000 as the 
average. 9.000 as high, and 6,000 as very 
low. 

For hard coal it will be a fair average 
to assume 8,000 to 8,500 for well propor- 
tioned boilers burning hard coal, and for 
soft coal between 6,000 and 7,000 will be 
very close to the average results observ- 
ed in actual practice. 



CHAPTER XXXIV. 



COKE-BURNING BOILER. 



FUEL. — The calorific power or heat- 
ing value of any fuel is measur- 
ed by the number of British 
thermal units which its combus- 
tion will generate, one British thermal 
unit being the quantity of heat required 
to raise one pound of water through one 
degree Fahrenheit. 

Combustible is that portion of the fuel 
which will bum. The ash, slate, silica, 
etc., will vary in different fuels anywhere 
from 2 to 35 per cent. 

All the fuels used for generating steam 
depend for their heating value upon the 
percentages they contain of the two chem- 
ical elements, carbon and hydrogen. Solid 
fuels, such as coal and wood, contain, in 
addition to these two elements, other sub- 
stances which have no heating value, such 
as ash, water and oxygen, the oxygen be- 
ing in chemical combination with the 
hydrogen and carbon. Most coals contain 
also small percentages of sulphur, and 
when a coal has a high percentage of 
sulphur it usually results in clinkers. 

Liquid fuels, such as petroleum and 
its products are nearly pure compounds 
of carbon and hydrogen, and gaseous fuels 
contain carbonic oxide, hydrocarbon gases 
and hydrogen as their heat-giving sub- 
stances. 

The heating power of the fuels in gen- 
eral iise is shown in table A, page 156. 

In this table will be found under column 
1 volatile matter; column 2, the fixed 
carbon; column 3, ash; column 4. the 
theoretical heating power as obtained in 
the laboratory by use of a calorimeter; 
and in column 5 the highest available 
heating power which we may expect from 
fuels when burned in the best type of 
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house-heating boilers where there is good 
combustion. 

The heating values in the table are 
only a close approximate, because it is 
impossible to prepare any table on coal 
values and have it strictly accurate. A 
table could be prepared showing the ex- 
act heating value of the combustible of 
any fuel, because the heating power of 
the combustible of the various fuels is 
nearly constant, but in the coal itself it 
necessarily varies because of the varying 
percentages of ash and other incombust- 
ible. 

[n anthracite coal we give the average 
of the different coal fields, placing the 
theoretical heating value at 13,200 B. T. 
U., and the highest available heating 
power obtained from practical use in 
house heating boilers at 9,000 B. T. U. 

We note that the volatile matter in an- 
thracite coal will average four per cent., 
while the fixed carbon is 85 per cent, 
and the ash .5 per cent. Egg coal gives 
a higher percentage of fixed carbon than 
does the average of smaller sizes, while 
pea coal gives only 79 per cent, of fixed 
carbon and has 15 per cent, of ash. 

The semi-bituminous coals have a 
higher theoretical heating power than has 
anthracite coal, and were it not for the 
excess of volatile matter over anthra- 
cite, they would be the best possible 
coals to use in house heating boilers, but 
as this volatile matter is liberated at a 
comparatively low temperature, it very 
frequently escapes without being ignited, 
leaving nothing but the fixed carbon of 
the fuel to do the work. 

The available heating power of the 
semi-bituminous coals is 8,500 B. T. U., 
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which can be realized if the coal is 
burned in a well-constructed house heat- 
ing boiler with a good draft in the chim- 
ney flue. These coals would not show as 
high an available heating power were it 
not for the fact that they fuse under heat 
and form a crust over the top of the 
fuel, which retards the escape of the 
volatile gases, a portion of which com- 
bined with oxygen is ignited and utilized. 
This is very noticeable in the bituminous 
caking coals. Turning to Table A. we 
see that while there is very little differ- 
ence in the theoretical heating power of 



It is very important for users of soft coar 
to bear this fact in mind, as the diffei- 
ence in the available heating value of the 
two fuels will run about 40 per cent. 

The lignites are found in Iowa. Wyom- 
ing, Oregon and Utah. Those of Iowa 
and Oregon have about the same theo- 
retical heating power, which is about 
8,500 B. T. U. per pound. Those of 
Wyoming and Utah will run about 10,500 
B. T. U. per pound. 

We have already called attention to the 
fact that the semi-bituminous coals, 
which are found in Pennsylvania, Mary- 



TABLE **A." 
Calorific i'owpr. or II«>niing Values of Various Fuels. (Approximate only.) 
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Anihrarlle avoraKo 4.00 85.00 0.50 l.VJOO 

Kkk avoraso 88.50 0.50 

I'ea average .... 70.00 15.00 

Serni-LUtunilnou8 

rot'ohoutas -M.(W» 74.39 :i..'iO 15(MK) 

New Kiver 18.00 77.«4 ;J.50 15L'(>o 

Bituminous- 

Caking .^5.0<) 5«>.00 tJ..30 14000 

Xon Caking 3.3.00 5fi.0O 0.30 13000 

lilgnites 

Iowa and Oregon 37.00 35.00 18.00 8500 

Wyoming and I'tah 39.00 43.00 7.00 105(K> 

Coke — best quality 1.65 90.00 7.80 135(H) 

(Th«' balanie of loo per cent Is chiefly moisture and surphur.) 
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the caking and non-caking bituminous 
coals, there is a wide difference in avail- 
able power when the fuels are burned in 
house-heating apparatus. The caking 
coal fuses and forms a crust, as has just 
been described, while the non-caking coal 
falls apart and burns very much like 
charcoal, permitting the valuable gases to 
escape at a comparatively low tempera- 
ture unignited. for want of oxygen witn 
which to combine, resulting in a heavy 
loss in heating effect, leaving us only the 
fixed carbon of the fuel for heating power 



land. Virginia and West Virginia, have the 
highest heating value per pound of any 
coals in the United States. To make this 
clearer we will give the heating value per 
pound of combustible, which, for anthra- 
cite coal is 14,000, for "Pocahontas" 15.700, 
and for "New River" 15.800 B. T. U. per 
pound. The heating power per pound of 
combustible of the semi-bituminous coals 
is very uniform, not varying more than 
800 or 900 B. T. U. They are also very 
low in moisture, ash and sulphur, so that 
they are exceptionally valuable as steam: 
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COBla. and more eepeciallj- so for iiower 
boilers, where the fuel is |iut on the fire 
at frequent intervala and in small quanti- 
ties. 

The reason that anthraeiie coal does 
yield as high a heating value as doeK 
the aemi-bituiuinous. la because the latter 
higher iiereentage of hydrogen, 
which, as we all know, produces, under 
pertain pondilions, the highest temperH- 
lure o( combuEiion. being about 62,000 

B. T, t;. 

In thebiluminous caals, besides the dlf- 
ferenee between caking and Don-caking 
coats, there Is a great difference in the 
moiBture contained In the various soft 
foals. ThoBe of IlllnoiG are said to con- 
tain more moisture than any other bitu- 
minous i-oals mined in the United States. 
and for this reason they have not as high 
a beating value as have the soft coals at 
Ohio. Indiana and Pennsylvania. For 
example, the moisliire in Connellsvlllp 
coal is 1.2G per eenl., while that in 
Streetor. Ill,, Is given as 12.00 per cent. 
This is a remarkable difference, and 
where people are Obliged to burn soft 
coal 111 their boilers they should be care- 
ful to procure ihe variety which gives in 
their heating apparatus the lieBt reaulls. 

We pome now to coke, and wish to call 
.Attention to the important fact thai poke 
<abows the highest available heating powet' 
■of any (nel given In Table A. One reason 
for this is that a body of coke lying in 
the fire box nf a trailer la only a litll'" 
more Ihan half the weight per cubic toot 
of anthricite coal, and for Ibis reason 
does nut pack closely, permitting Ihe air 
to pass throuBh It freely. The combus- 
tiOD is invariably tetter, and the result- 
nnl healing effect greaiei' than can bo 
nblalneil from anthracite coal. 

With the exception of gas, tliere is no 
fuel available for domestic purposes that 
will yield as high a percentage of heat- 
ing power and show a greater economy 
than will a good quality of coke, it is 
also a much cleaner fuel, for the reason 
that Ihe percentage o[ ash is low. and 
being heavy per bulk does not Hy about 
BS does the light, feathery ash given oft 
trom anthracite coals. As a rule, a 



file of anthracite coal will require a 
thorough cleunlQg at the end of ten or 

twelve hours, atherwlse It will soon be- 
gin to lose its heating power tor want 
o[ oxygen. L'nder such circumstances 
the fire beranies dull and dead and the 
coal decomposes without yielding any- 
thing like its quota of heal. Under like 
conditions a coke fire will be clean and 
bright, and II Is just ibis charac I eristic 
of coke which makes It so valuable a fuel 
for house healing purposes. 

It is irue that very little is known In 
regard to burning of coke in the United 
States. In the countries of Europe, where 
the coal is of an Inferior quality, they 
have been obliged to make coke of it and 
use it for heating their houses, and In 
this way they have become tamillar with 
Its use and have made special appliances 
for burning it. 

The American Radiator Company, 
recognixing the Fact that coke required 





an apparatus entirely dlfTerent from the 
ordinary coul-biirnlng hollers, made a 
series of experiments with the varlouH 
kinds of coke, and have evolved a coke- 
burning boiler which has iiroved very 
successful. They have been selling large 
numbers of theae boilers in Europe and 
are now introducing them Into this coun- 
try. In fig. J 46 Is shown a complete 
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coke Hteam boiler. In Fig. MT Is abows 
The same boiler with Ihe front taken 
away, which sives an Interior view of 
tbe fire box and a portion of the heating 
surface. 

It will be noticed Ihat the secllouE are 
drawn in sharply at the erale line. This 
not only reduces Ihe grate area and gives 
the proper amount of air tor the combus- 
tion of the fuel, but it forms a bridge to 
supporl to fuel body go Ihal rhe grates 
may be cleaned by passing ii slice bar 
over them wllhC'Ul in any wiiy rllsturbinK 
the fuel. This Ik a very valuable feature 
and can best be appreciated by those who 
have had one of these boilers in opera- 
tion. giving I hem an opportunity tor com- 
|)ariHon with coat-burning boilers. 

Fig. 148 is a rear view of the boiler. 
which shows the draft damper in the bo'- 
tom of the rear base plate. U iiIbo shows 
the crosB damper in tbe smoke hood, 
which may be attached to the same regu- 
lator chain that controls the supply of 
air, and the two working together auto- 
matically gives perfect control o( tie 
fuel combustion. 

The fuel capacities of these coke boil- 
ers are very much Rreater than will be 



50 to So pounds per cubic foot. With ■ ) 
good quality of coke and a properly de- 
signed steam or water heating Job, tire 
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found in &ny other Upe of house heatlnc 
boiler. This is a necessitj tor the rea- 
son [hat coke weighB J8 pounds per cubic 
foot, while anthracite coal Vbelshs from 




FtaUHE 148 
can be maintained in these coke boilers 
from twelve to twenty-four hours, while 
under the same conditions a Ore of an. 
ihradte coal would not last longer than 
frnm eight to fifteen hours. 

There le a great difference in the nuan- 
(It.v ot coai required where the combus- 
tion is good and where there Is very poor 
combustion. It with good combustion we 
bum a fuel and utillEe trow each pound 
9.500 heat units, we will, o^ course, requir* 
only halt as much fuel as though we were 
burning fuel which yielded but 4,5nD 
units per pound. To make this plain we 
will suppose that a given heating ap- 
panitus, burning fuel to the very best ad- 
vantage and utilizing 9.500 heat units 
from each pound of fuel burned, requires 
20 tons per aeason. Then if the same ftiel 
be burned in the same apparatus and for 
some reason will yield but 9.000 heal 
iinlta per pound ot fuel, there will be re- 
iliiired 21.10 tons per season. Table B. J 
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which follows, shows the heating power 
available from 9,500 heat units per pound 
down to 4,000 and the corresponding 
amount of fuel required for a given Job, 
assuming that the first item requires 20 
tons per season. 

TABLE ••B." 

Heating Power Tons 

Available per 

B. T. U. Season. 

9500 20.00 

9000 21.10 

8500 22.40 

8000 23.75 

7500 25.40 

7000 27.20 

6500 29.20 

6000 31.60 

5500 34.60 

5300 35.80 

5000 38.00 

4500 42.20 

4000 47.50 

This table shows how important is the 
selection of a boiler designed for a speci- 
fic purpose so that the greatest possible 
power may be extracted from the fuel. 
The attempt to bum coke in a boiler de- 
signed for coal will be met with disap- 
pointment. Repeated experiments, care- 
fully conducted, show that coke which 
will yield an available 9,500 B. T. U. when 
burned in a well designed coke boiler, 
will yield but 7,000 B. T. U. burned in a 
boiler designed for coal, requiring, as 
shown by Table B, 27.20 tons instead of 
20; an additional expenditure for fuel 
of thirty-six dollars, and beside the fire 
would have to be replenished every five 
or six hours in the make-shift boiler in- 
stead of once in ten or fifteen hours in 
the boiler especially designed for coke. 

In Table C, which follows, we assume 
a price per ton for the standard fuels for 
comparison; the prices will, of course, 



vary according to the locality and season: 

TABLE "C." 

Coke 20.00 tons at $5.00 $100.00 

Anthracite coal 21.10 tons at 6.50 137.15 

Semi-Bituminous 22.40 tons at 4.00 89.60 

Bituminous Caking. .25.40 tons at 3.00 76.2a 
Bitum. Non-Caking. . . 35.80 tons at 3.00 107.40- 

The cheapest fuel in the table is the 
bituminous caking coal and it would, no 
doubt, be used more generally than it is 
but for the fact that so far no house- 
heating boiler has been constructed that 
will burn soft coal properly. In the 
large square boilers it can be burned to 
very good advantage, but when it is at- 
tempted to burn soft coal in small boil- 
ers with 19-inch or 21-inch fire pots, therfr 
is found great difficulty in maintaining a 
fire for any length of time, or in getting 
good combustion. 

Soft coal requires in the first stages 
of combustion a large volume of air sup- 
plied to all parts of the fuel, and if this 
is not done there will be a great volume 
of smoke and the gases accumulating 
will frequently on coming in contact with 
a small quantity of air on the surface of 
the fuel, explode. This can all be pre- 
vented when boilers are so constructed 
as to give the proper amount of air ta 
the fuel at the time when it is most 
needed, and that is while the fuel is dis- 
tilling its gases. After that such an ex- 
cess of air will dilute the gases and 
lower the efficiency of the boiler very 
rapidly, so that some device must be in- 
vented which will give to the soft coal 
fuel all the air it requires while dis- 
tilling the gases, and then automatically 
shut off and supply only the quantity of 
air required for the proper combustloa 
of the fixed carbon which is left. 
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A SOURCE of considerable ftnnoy- 
ance (o ueers ot Bteatn boilers is 
Ibe loablllty at times to main- 
tain a. steady water line in the 
gauge glass. in some eusee ibe water 
races violently up ami down the glass, 
and in others the waier leaves the glass 
an soon ae pressure shows on the steam 
gauge. 

What makes the walei- leave the glasp 
le a question to whlrh many different 
answers are filven. The theory moBt frf- 
quently heard ia thai the difference in 
pressure between the boiler and the re- 
turn line causes the water to rise In the 
return pipe and lowers the body of water 
Id the holler. A moment's reHection, 
however, will show the fallacy ot this 
leasonlns. for a diffecence of one pound 



the water would again leave the sl«« 
with the rising preesure. 

Id a system of eteam piping whldi U 
largely used in Prance and 0«nnanr. the 
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would cauKc the water in the return to 
rise only about two feet. It all the 
malnK wcip flooded and the boiler refilled 
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FIG. ISO-STEAM BOILER CONNECTION 

pressure, of from one to Ave pounds, is 
all on the steam lines with no pressure 
on the returns, and as a conseqaence tlif 
water rises In the return until the «H- 
umn of water balances the pressure an* 
yet there Is no complaint of the water 
leaving (he glass In the boiler. 

From the writer's observation the !**■ 
nomenon is caused by the rapid more- 
ment of the water In the leg ot the boiler. 
which sucks the water out Ot the glw» 
and water column. The water doM n« 
Ro out of the boiler under such coodl- 
tions. as has frequently been proren. T* 
prove this a simple experiment was ma* 
with a boiler. One water column vttb 
a ten-lDch glass was connected both t*P 
and bottom to the steam dome: anotb*'' 
water column with a 30-Inch glass W 
connected with the top to top of dW' 
and the bottom to bottom ot tire P^ 
160 
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When the gauge showed five pounds pres- 
sure the water in the 30-inch glass stood 
26 inches below the water in the 10-inch 
glass — the latter showing 3 inches of 
water. (See Fig. 149.) 

Nearly all the round boilers made to- 
day are trimmed with the lower end of 
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FIG. 151-ONE PIPE SYSTEM. DRY RETURN 

the water column attached to the bottom 
of steam dome below the water line, and 
this method has proved to be much more 
satisfactory than the old way of connect- 
ing to bottom of water leg. 

The reason the water is not sucked out 
of the glass when the bottom connection 
is in the steam dome is because the water 
at that point is quiet compared with the 
upward movement of the water in th0 
fire pot, where a thin body of it comes in 
contact with the glowing fuel. If any 
reader doubts this, let him take any 
round boiler whose water column is con- 
nected to top and bottom of steam dome 
and connect the lower end to bottom of 
fire pot. 

In square or vertical sectional boilers 
the case is different for the reason that 
the steam dome is cut up into as many 
compartments as there are sections in* 
the boiler and the difference between the 
volume of water in the dome and water 
leg is not so great as it is in round boil- 
ers. 

Sometimes, under a very strong draft, 
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FIG. 152-SUBMERGED RETURN ABOVE BASE- 
MENT FLOOR 

water will be carried into the steam pipes 
with the outgoing steam and clinging to 
the sides of the pipe be forced into the 
radiators. This is always caused by the 
high velocity of the steam leaving the 



boiler and may be prevented by taking 
more, or larger, openings out of the dome, 
which will stop the water following the 
steam and will steady the water in the 
gauge glass. 

It is a common practice to bush the 
tappings in the steam outlet to the size 
of the steam main, which is very bad 
practice. If the tapping is 4 inches and 
the steam main 3 inches, the riser should 
be 4 inches with a 4-inch by 3-inch ell 
to receive the 3-inch main. If the tap- 
pings are 3 inches, two 3-inch risers 
should be connected to the 3-inch main. 
(See Fig. 150.) The reason for this is 
that the more openings of large area 
there are out of the steam dome, irre- 
spective of the size of the main, the lower 
will be the velocity of the steam as it 
leaves the boiler, and with a low initial 
velocity there Is less liability of the water 




FIG. 153-SUBMERGED RETURN BELOW BASE- 
MENT FLOOR 

being carried out with the steam or of 
disturbing the water in the gauge glass. 

Suppose, for example, that with one 3- 
inch or one 4-inch riser from the steam 
dome the initial velocity of the steam is 
40 feet per second, then by taking off an- 
other riser of the same size the velocity 
will drop to 20 feet per second. 

It is also good practice to connect a 
''bleeder'* or relief pipe to the steam 
main, as shown in Fig. 150. 

The U. S. Government Commission, 
who tested a large number of power boil- 
ers at the Centennial Exposition at Phil- 
adelphia in 1876, reported that where 
they found any trouble from boilers 
priming the difficulty was obviated by 
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taking more openings out of the steam 
dome, and the practice can be applied 
with equally good results to steam boil- 
ers of the house heating type. 
To water heating boilers this does not 




FIG. 154— ONE PIPE SYSTEM RELIEF IN MAIN 

STEAM LINE 

apply, for the more rapidly the water 
leaves the boiler the better will be the 
circulation throughout the apparatus. 

Referring to the one-pipe system of 
steam heating, the question is sometimes 
raised, "Which is the better way to carry 
the return back to the boiler — dry, or 
submerged — that is, below the water 
line." Some claim that with a dry return 
the boiler will do better work than when 
the returns are submerged. 

The writer's preference is for the sub- 
merged return where the boiler has di- 
rect, and therefore sensitive, heating sur- 
face. Where the return is hung above 
the water line, the water of condensa- 
tion returns to the boiler about the tem- 
perature of the steam and where there 



is a sharp draft and direct heating sur- 
face, the water in the boiler becomes al- 
most as hot at one point as another, and 
as a consequence the circulation is not 
so good and the boiler loses its efficiency, 
because the water does not so readily 
absorb the heat. With the submerged 
return, the water lying in the pipe cools 
before reaching the boiler which gives a 
steadying effect, and creates a better cir- 
culation of the water because of the dif- 
ference in temperature. 

Fig. 151 shows a boiler and piping witli 
dry return. Pig. 152 shows the submerged 
return, above the floor, and Fig. 153 shows 
the same in a trench below the floor. One 
advantage of the submerged return is 
that it can be utilized to drip the pipes 
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FI^. 155-SHOWING RELIEF FROM LONG ARM 

TO RADIATOR 

at intervals where there is a long run. 
as in Fig. 154 or a radiator with a long 
arm leading to it can be dripped into the 
return, as shown in Fig. 155. 



CHAPTER XXXVI. 

PIPE CONXBCTIOSS FOR STEAM ASD WATER BOILSRS. 



WHERE two or more steam 
boilers are run on one set of 
piping, they are cross-con- 
nected, and sometimes the 
fitter has dlfflculty In keeplne an equal 
water line In all the boilers. Fig. 40 
ahowg two square boilers cross-connected, 
as they should be, to give the best results. 
Two risers are taken out of the dome, 
both the same size as the pipe leading 
to the steam header. These pipes drop 
down Into the header, from the under 
side of which an equalizing pipe Is taken 




FIG. 156 -FRONT VIEW OF STEAM BOILER CON- 
NECTIONS. A, STEAM HEADER: B. EQUAL- 
IZING PIPE; C. RETURN HEADER; D, 
STEAM MAINS: E, RETURN MAINS: 
F. ANGLE VALVES 

out and carried back to the return 
he.-ider. This helps to equalize the pres- 
sure between the two boilers In the event 
or one boiler being fired heavier than 
the other. It also acta as a bleeder for 
any water carried over by the outgoing 
tit earn in quick firing. 

The object In placing the header In 
front of the battery Is for convenience 
io handling the valves. 

The return connection should be made 
as shown In the rear view. Pig. 157. A 
plan view la shown in Fig 158, with the 



proportionate sizes of the piping. Figs. 
159 and 160 show clearly the details of 
the piping and connections. 

It iB a common occurrence to see on 




FIG. IS7— A, STEAM HEADER: B, EQUALIZING 

PIPE; C. RETURN HEADER: D. STEAM 

MAINS; E. RETURN MAINS, F. ANGLE 

VALVES 

a battery of bollera check valves on the 
returns set against the boiler pressure 
to prevent the water going from one 




FIG. I5S-PLAN VIEW WITH PROPORTIONATE 

SIZES OF PIPES 
boiler to the other, but the checks In 
such cases do more harm than good, for 
tf they prevent the water from going 
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out of the bolter they will also prevent 
It coming In, and the boiler wltta no pres- 
eure against the check .will get all the 
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FIG. WO-PIPING AND CONNECTION 

tzing pipes, the wafer lever will be i 
form, with very 




FIG. 161— FRONT VIEW HOT WATER BOILER 

CONNECTIONS. A. CUT-OFF VALVES; 

B. SAFETY LALVES: C. FLOW HEADER: 

D, RETURN HEADER: E, FLOW PIPES 

pensed with, though a job U more com- 
plete where ench boiler can be cut out 
with valves In the event of a break. 



Where there are bo valves and onlr 
one boiler out of two is required, the 
water will move slowly througb one boiler. 
Just as though it were a part of the re 
turn main. Where only one of two hollers 
is run, it Is mild weather and the drag 



; AND CONNECTION 

water of condensation until the column 
of water balances the pressure. 1( a free 
circulation is maintained between all the 
boilers in a bnttery by means of equal- 

fe' itea-Tn. K.«*La.c-E -'C^ 
4 ■a^-n.v'i.i-^-i.-n.^ ■p-v-pL^^r 




F1G.I62-REAR VIEW. HOTWATERBOILERCON- 
NECTIONS. A,CUT-OFF VALVES: B.SAFETY 
VALVES: C, FLOW HEADER: D. RETURN 
HEADER: E. FLOW PIPES: F. RE- 
TURN PIPES 

of the additional water In the idle boiler 
is not noticeable. 
If the boilers are valved. each boiler 
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L firing. 

Where hot water boilers are connected 
in a battery, the equalizing pipe Is un- 
necessary and the valves may also be dis- 
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FIG. 163— HOT WATER BOILER CONNECTIOSN 

should have a good safety valve set iiboiii 
ten pounds above the static head; that Is. 
If the water in the expansion tank is 
forty feet above the return of the boiler 
there will be at the lowest point of the 
boiler a pressure of 17.32 pounds per 
square inch. The safety valve should be 
set to open at 27 to 30 pounds. 

If (here are no safety valves on the 
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boilers and one boiler Is shut off with 
tbe valves and remains Idle for some 
lime, there 1e always the danger that a 
fire may be started In It without flrst 
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FIG. 164-HOT WATEH BOILER CONNECTIONS 

opening the valves, when the eipansion 
of the water would quickly iiroduce a 
liressure that would break the boiler. If 



equipped with a safety valve, under these 
conditions, the pressure would unseat the 
valve and throw out the excess of water, 
giving notice to the operator that he had 
not opened the main valve. 

Fig. 161 is a front view of twin water 
hollers cross connected, and Fig. 162 Is a 
rear view of Che same. 

The returns may be connected either 
to the back portion or one of the centef 
sections — It does not matter which, it 
is generally supposed that the returu 
water should enter at the end opposite 
the outlet, as in Fig. 163, but experiments 
along that line ehow that If there Is any 
difference In results It cannot be meas- 
ured with special Instruments prepared 
for that purpose. 

If the return enters the side of the 
holler, as shown In Fig. 164, tbe water 
will enter the opposite side of the boiler 
through the bottom of the front and hack 
sections, any movement of any portion of 
the water by expansion being Instantly 
replaced by water of greater density. 



CHAPTEK XXXVII. 

CAPACITIES OF TANK OR RANGE BOILER HEATERS— CONNECTIONS BETWEEN BOILER 

AND TANK. 



IN Fig. No. 165 is shown a diagram 
for computing the capacities of 
small tank heaters, such as are 
used in residences and apartment 
buildings. In this diagram the horizon- 
tal lines represent tank capacities in gal- 
lons, each line being five gallons. Each 
vertical line represents one pound of coal, 
while the temperature is represented by 
the diagonal lines.- 

The smallest tank heater made by the 
manufacturers is a round heater having 
a grate 10 inches in diameter, this being 
as small as it is practical to make a coal- 
burning heater. Some years ago a small 
heater was put on the market with a 6- 
inch grate, the idea being to furnish a 
heater that would be large enough to 
heat 30 or 40 gallon tanks, which are 
commonly used in the kitchens of the 
average residences, but it was found im- 
possible to keep a coal fire alive in these 
small boilers, for the reason that the 
walls of the fire-pot being surrounded by 
water presented a large area of cooling 
surface in comparison to the body of 
fuel, and the chilling effect was so great 
that combustion could not be maintained'. 
After this lesson manufacturers have re- 
fused to make anything smaller than a 
10-inch grate. 

Looking over the catalogs of the var- 
ious manufacturers, we find the tank 
heater with a 10-inch grate has a rated 
capacity for heating from 60 to 80 gal- 
lons of water. How many degrees the 
heater will add to this quantity of water, 
or how long it will take to raise it a 
given number of degrees, is not stated, 
but, as a rule, these small heaters are 
giving satisfaction, as they are usually 



attached to 30 or 40-gallon tanks and, ex- 
cept on wash days, have from four to six 
hours in which to heat the water in the 
tank. 

By referring to the data at the bot- 
tom of the diagram, we find that the av- 
erage hard coal capacity of a tank heater 
with a 10-inch grate is 25 pounds; de- 
ducting 5 pounds for re-kindling leaves 
20 pounds available. If we run this boil- 
er at slow combustion and burn the fuel 
at the rate of 2 pounds per hour, we can 
ascertain exactly how much work it will 
do attached to a 40-gallon tank, at that 
rate of combustion, by observing where 
the 2-pound vertical line intersects with 
the 40-gallon line. We find intersection 
is near the diagonal line marked ''40 de- 
grees." Therefore, the tank heater, under 
these conditions, will add 40 degrees per 
hour to 40 gallons of water, and will, of 
course, add 80 degrees in two hours, or 
120 degrees in three hours, and as there 
is 20 pounds of coal available, and we are 
burning it at the rate of 2 pounds per 
hour, the fire will last for ten hours with- 
out attention. 

If, however, we are obliged to run the 
boiler at its maximum capacity, we find 
by looking at the data that the maximum 
consumption of hard coal is 4^4 pounds 
per hour and that, running at this rate, 
the fire will last but 4% hours. Then, 
if we look at the 4%-pound vertical coal 
line, we will find it intersects the 40- 
gallon line near the 100-degree line. 
Therefore, a tank heater burning coal at 
the rate of 4^4 pounds per hour will add 
100 degrees per hour to 40 gallons of 
water. 

We find in the manufacturers' catalogs 
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that the 12-iiich grate is rated to heat 
from 120 to 175 gallons of water. Sup- 
pose we take a 12-Inch tank heater and 
attach It to a tank which contalne 120 
gatlons of water. The maximum con- 
sumption of coal per hour in a 12-Inch 
tank heater Is GMi pounds, and we find 
the GVi-pound vertical coa! line Inter- 
sects the horizontal 120-gallon line be- 



ef the water from 40 degrees to 212 de- 
greeii, or 172 degrees In one hour. Turn- 
ing to the diagram, we find the 172 diag- 
onal line Intersects with the 120-gallOii 
Hne on the 24Vj-pound coal line, which 
shows that It requires a heater that will 
burn hard coal at the rate of 24^ pounds 
per hour to accomplish the required re- 
sults. If we have a good draft and the 




FIGURE 1IS5-GRAPHICAL CHART OF TANK HEATER CAPACITIES 



txveen the diagonal lines 40 and 60 de- 
crees, which shows that a 12-inch tank 
^«ater. burning 6^> pounds of coal per 
^our. will add 45 degrees per hour to 
1 20 gallons of water. 

Suppose, again, we are asked to fur- 
lllBh a Unk which will contain 120 gal- 
lons of water and attach to it a tank 
heater which will raise the temperature 



lieet nuatity of coal, this may be accom- 
plished by using a tank heater with a 
2Mnch grate, hut it will be safer to use 
one with a 24-Inch grate. If It Is abso- 
lutely necessary to add 172 degrees every 
hour to 120 gallons of water. 

The rate of consumption of fuel Is 
based on a square fool of grate burning 
from S to SVj pounds per hour, and la not 
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(heoieilcal but has been proved by ex- 
periment. 

It will also be noticed that we have as- 
aiimed a low heating power available for 
each pound of coal burned, because expert- 
meals in ihle line ahow concluslvel}' that 
In amall tank heaters U Is Impossible to 
utlllie more than 7.000 B. T. U. per 
pound, and unless the fuel Is of a good 
quality, the yield of heat will run as low 
as e.OOO H. U. per pound. In the 2Mnch 
and 24-Inch, however, we may expect to 
develop a higher heating power from the 
fuel, but II will not exceed 7,500 B. T. U. 
per pound. One reason for this is that 
the water entering the boiler la compara- 
tively cold, and while this is supposed 
to take up the heat very rapidly. It will 
also retard combustion, which Is of the 
greatest importance. 

It is Ihe common belief that it a holler 
is not doing the work exjiected of It. the 
proper remedy is to add more heating 
surface wilhoul increasing the grate or 
fuel space. This idea, however. Is all 
wrong. There might possibly be a Utile 
more of the heating power of the coal 
utilized in the additional surface, but It 
would be more likely to cause a check- 
ing of the draft which would cut oO the 
proiier supply of air to the fuel and re- 
sult In a decrease of heating power rath- 
er than In an increase. Almoet any prac- 
tical man has had this experience some 
lime or other In his practice. 

When a heating contractor once gels 
hold of the Idea that it is the power In 
the burning fuel that Is doing the work, 
and that (here Is a llmll lo the posaibll- 
ities of a pound of fuel, he will theu 
make fewer mistakes In the selection of 
hollers for a specific purpose. 

The method of arriving at the quantity 
of coal required to add a glveu tempera- 
ture to a given quantity ot water is as 
follows: First, decide the heating power 
in B. T. V. which the holler will utilize 
from each pound of coal burned. This 
will run from 7.000 for the smallest tank 
heaters to S.EiOO for large heaters suitable 
for swimming pools. Then multiply the 
gallons of water to be heated by 8.33, or 
8 1-3 pounds, which gives the water In 
pounds, and each degree Fahrenheit add- 



ed to one pound of water Is equivalent 
to one British Therm&l Unit (uBnallr 
designated B. T. U.). or Heat Unit <H. 
U.). We then multiply the pounds o( 
water by the degrees Fahrenheit which 
the temperature Is to be raised, and the 
result Is the B. T. U. required per hour. 
This we divide by the fuel power avail- 
able, which shows the pounds of coal 
required for one hour. If (our hours Is 
allowed In which to do the work, we di- 




vide the hourly requirement by four. 
which shows the coal required per hour 
for four hours, and dividing this by 8. 
the number of pounds o( coal which It 
Is safe to figure for each square foot of 
grate, we find the proper size of boiler. 

Example: What size boiler will be 
required lo raise the temperature of the 
water contained In a EDO gallon tank 
from 40 degrees to 200 degrees, or a 160 
degrees rise In four houra? 
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Multiply 200 by 8.33 and the product 
by 160, which gives 258,560 B. T. U. Di- 
vide this by 7,000, the heating power 
available in one pound of coal, and we 
have in round numbers 37 pounds coal 
required to do the work. Dividing the 
coal by four hours gives 9.2 pounds, 
which we must burn per hour for four 
hours to do the work required. Dividing 
this by 8, the consumption of coal per 
square foot of grate per hour, we find 
there will be required 1.15 square feet of 
grate, and we therefore select, as the 
nearest size a boiler with a round grate 
15 inches in diameter. If the water 
must be raised 160 degrees in one hour, 
we must select a boiler that will burn 
o7 pounds of coal per hour, which will 
require a round grate 28 ins. in diameter. 



In regard to the method of connecting 
the boiler to upright tanks. We find dif- 
ferent men have different views on the 
subject. We show in Sketch No. 166 a 
method of connecting an upright tank to 
the heater which is very popular. It is 
said that by connecting the flow pipe to 
the top of the tank that where the water 
is cold and warm water is required in a 
hurry it can be heated more quickly 
with this connection than by connecting 
the flow to the tank at a lower point. 

Where there is a circulating pipe to 
the flxtures, it is considered good prac- 
tice to bring it back and connect it into 
the tapping of the tank that is usually 
used for the flow pipe when connected to 
ranges, as shown in the accompanying 
sketch. 



CHAPTBB XXXVIII. 

HEATING SWIMMING POOLS BY STEAM OR WATER CIRCULATION. 



RECENT experiments, conforming 
to worl«ing conditions, show 
that one square foot of pipe 
immersed in water will con- 
dense 0.155 pounds of steam per hour for 
each degree of difference between the 
temperature of the steam and the mean 
temperature of the water. This is equal 
to 150 B. T. U. per square foot per hour 
per degree of difference. 

In chart B the horizontal lines repre- 
sent water in U. S. gallons; the vertical 
lines represent hard coal in pounds at 
the bottom of the chart and the corres- 
ponding steam generated In pounds at the 
top of the chart. The diagonal lines rep- 
resent the temperature increase or the 
number of Fahrenheit degrees which are 
to be added to the water in a given time. 

In chart A the horizontal lines repre- 
sent the mean or average temperature of 
the water in the tank which is to be 
heated, that is, if the water is to enter 
the tank at 50 degrees and the tempera- 
ture of it is to be raised to 150 degrees, 
we obtain the mean temperature by add- 
ing 50 to 150 and dividing the sum by 2, 
which gives a mean temperature of 100 
degrees. The vertical lines show the 
amount of water that one square foot of 
pipe will condense per hour when im- 
mersed in water of varying mean tem- 
peratures. 

For example: If the mean temperature 
of the water in the tank is 100 degrees, 
we follow the horizontal line marked 
**100" to the intersecting line, and fol- 
lowing the vertical line at the intersec- 
tion, find that one square foot of pipe im-. 
mersed in water of 100 degrees mean tem- 
perature will condense 15.5 pounds of 
steam per hour. 



The following examples will show how 
the two charts can best be made use of: 

Specification 1: A swimming pool con- 
taining 180.000 gallons of water receives 
the water supply at 40 degrees tempera- 
ture, which must be raised to 80 degrees 
every 24 hours. The water will be warm- 
ed by circulating through water •heating 
boilers. Hard coal will be used. What 
size boilers are required and what will 
be the coal consumption for 24 hours.? 

As the water must be warmed from 
40 to 80 degrees we must add 40 degrees 
to this body of water every 24 hours. 
Turning to chart B we find that 1.000 gal- 
lons intersects the 40 degree temperature 
line at 40 pounds of coal. Then if 1,000 
gallons requires 40 pounds, 100,000 gal- 
lons will require 100 times as much, or 
4,000 pounds. In the same manner we 
find that 800 gallons will require 32 
pounds and that 80,000 gallons will re- 
quire 100 times 32, or 3,200 pounds, mak- 
ing a total of 7,200 pounds of coal re- 
quired to add 40 degrees to 180,000 gallons 
of water. As we have 24 hours in which 
to do this work, we divide 7,200 by 24, 
which shows that we must burn 300 
pounds of coal per hour. 

With active combustion a well-con- 
structed hot water heater will burn an- 
thracite coal economically at the rate of 
8 poimds per square foot of grate per 
hour. Divide 300 by 8 and we get 37.5 
square feet of grate required in the boil- 
ers. If we select a boiler with grates 
48 inches wide, the fire box would be 
nearly 9l^ feet long, which would make 
it somewhat inconvenient for firing. It 
would, therefore, be better to select two 
boilers, each boiler to have half the re- 
quired amount of grate surface. 
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ir this body of water is to be beaied 
by Bleani coils wUh Bteam at 10 pounds 
preeaure, we find the mean lemperalurs 
of [he water is 80 + 4U -i- 2 = SO de- 
grees. The temperature of the steam at 
10 pounds pressure will be 240 degrees 
and the temperature difference 180 de- 
greeii. Turning to chart A. we find the 
horizontal line marked "180" intersects 
the vertical line marked ■■27.87/' that is, 
one square foot ot pipe coll submerged in 
water where the temperature difference Is 
ISO degreea. will condeuHe 27.87 pounds 
per hour. As we are burning 300 pounds 
of coal per hour, which will evaporate 
2.580 pounds of steam, as shown by chart 
B, we divide 2.580 by 27.87. which gives 
9'i square feet of pipe colt required in the 
tank. This, ot i:our8e. supposes that the 
water surrounding the coll v'lll maintain 
the temperature difference of 180 degrees, 
but as more than halt ot the work would 
be done while the water was quiet, the 
water In the immediate vicinity of the 
pi|ie would be at a much higher tempera- 
lure and the condensing power of the 
pipe would, therefore, be reduced. 

Then, again, a pipe coll immersed In 
water will gradually lose its efflclency or 
condensing power trom corrosion or vege- 
table matter collected from the water. 
The corrosion can be prevented by using 
brass pipe, but nothing will prevent the 
vegetable mold from covering the pli>es 
and unless they are frequently cleaned 
their condensing capacity will fall off 
very rapidly. 

Considering these coadlllona and know- 
ing something of the quality of the water 
to be used, there should be added to the 
quantity ot pipe obtained by this rule 
trom 50 (o 100 per cent. In such caae» 
it Is well to have the pipe arranged In 
(WO distinct coiis, BO that while the pipe 
Is new and effective one coil may be ehut 
off when not required. 

Specification 2' A storage tank con- 
Uinlng 300 gallons of water la to be 
heated by steam at 100 pounds pressure. 
The temperature of the water in the 
tank must be ralfied from 60 to 180 de- 
grees every half hour. How much steam 
coil must we place In the tank to obtain 
these results? 



As 120 degrees must be added to tho 
temperature ot the water every 30 min- 
utes, we turn to chart B and find that 
300 gallons o( water will require 35 
pounds of coal to raise Its temperatun 
120 degrees and 35 pounds ot coal wllf 
evaporate 300 pounds of water Into steaoi 
which the pipe coll must condense. 

In this case the mean temperature ot 
the water is 60 + 80 -i- 2 = 120 degrees. 
The temperature of the steam is 240 da- 
grees. making a temperature difference 
of 120 degrees. 

We now turn to chart A and find the 
horizontal line marked "120" InterBectail 
(he vertical line marked "IB. 6." the 
pounds oC steam condensed by 1 square 
toot of pl|)e In one hour: as there are 
300 pounds of steam to be condensed we 
divide 300 by 18.6, which gives 16 square 
feet of pipe coil which would be required 
to heal the water in one hour, but as the 
water must be healed In 3U minutes, we 
will require double the quantity of pipe, 
or 32 square feet. 

Specification 3: 1,000 gallons of water 
in a storage tank la to be heated by cir- 
culating the water through a bolter burn- 
ing a low grade of soft coal. The tem- 
perature of the feed water is 40 degrees 
Fahrenheit, to which raust be added 120 
degrees and the work must be done In 2 
hours. How much coal must be burned 
per hour and what size boiler will be re- 
quired? 

Turning to chart B we find the hori- 
zontal line marked "1.000" gallons Inter- 
sects the diagonal temperature line of 
120 degrees near the vertical line repre- 
senting 120 pounds of coal. As we have 
two hours in which to do the work, we 
will burn 00 pounds of hard coal per 
hour. To this must be added 25 per cent, 
for the equivalent weight In soft coal. 
This makes 75 pounds of soft coa! which 
must be burned per hour. As we cod 
depend on 1 square foot ot grate burning 
8 pounds of coal per hour In a free burn- 
ing holler, there will be required a boiler 
containing approximately 9.5 square feel 

In selecting a boiler for burning soft 
coal, the best results can always be ob- 
tained from those having large flues and 
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60 per cent, or mare ol direct beating 
surface, whlcb cornea In contact with the 
Are and prevents accumulations of soot. 
Do not select boilers for soft coal pur- 
poses witti Indirect drafts or with long 
Are travel, or with a large number of 
small gas passages or fiueB, but rather se- 
lect ft boiler wltb a large Ore box, so that 
there will be plenty of space for the com- 
buBtlOD of the gases, and with a small 
number of large gas passages. 

SpeclQcatlon 4: If tbe water In this 
l.OOO-gallon tank is to be heated by steam 
and the steam 1b to be generated In a 
boiler burning soft coal, the same amount 
of coal will be required per hour, vis.: 
75 pounds. To gel the equivalent Of hard 



coal we deduct 20 per cent, and this 
brings us back to 60 pounds of hard coal. 
We now turn to chart B and find that SO 
pounds of hard coal will evaporate 51G 
pounds of water into steam, which must 
be condensed by the pipe coll placed In 
the tank. The mean temperature of the 
water la 100 degrees and the tempera- 
ture of the steam we will place at 216 de- 
grees, making a temperature difference 
between tbe steam and the water of IIC 
degrees. Turning to chart A we Dnd the 
horizontal line IIB intersects at the verti- 
cal line marked "IT.SS." 516 divided by 
17.85 is 29, which is the number of square 
feet of pipe coll required In the 1,000- 
gallon tank to raise the temperature of 
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the water from 40 to 160 degrees in two 
hours. This is a simple system. 

If the work is to be done in one hour 
double the quantity of pipe will be re- 
quired and double the grate area. The 
quantity of coal required to do the work 
will be the same, but double the quan- 
tity will have to be burned per hour, that 
is, it will require 120 pounds of hard 
coal or 150 pounds of low-grade soft coal, 
to yield the heat necessary to impart the 
increased temperature required to the 
water, so if the work is done in one hour 
we must burn 120 pounds of hard coal, or 
150 pounds of soft coal, but if the work is 
done in two hours we burn half these 
amounts each hour. If a superior qual- 
ity of soft coal is used add 10 per cent, 
to hard coal requirements. If semi-bitu- 
minous, such as Pocohontas or New 
River, coal be used, it will evaporate just 
as much water as will the very best hard 
coal. 

On page 167 will be found a chart 
showing the requirements for heating 
small bodies of water with small tank 
heaters and by comparing that chart with 
the present chart B it will be noticed 
that a proportionately larger quantity of 



coal is required when burned in small 
tank heaters. This is because the coal 
does not yield as high a percentage of its 
latent heat as when burned in large boil- 
ers, and the reason for this is that the 
ratio of cooling surface (against which 
the coal lies) to fuel increases as the di- 
ameter of the fire pot decreases. 

We very frequently hear complaints 
from steam fitters and plumbers that the 
heater or boiler which they have attached 
to a water tank will not do the work re- 
quired and they immediately call on the 
manufacturer of the heater for redress. 
In som'> cases it is thought that the boiler 
has not enough heating surface; in 
others that the smoke pipe nozzle is not 
large enough; in others that the pipe 
leading from the boiler is not large 
enough. In fact, every possible reason 
and excuse is given but the right one. and 
that is, that the heater cannot bum 
enough coal per hour to furnish the en- 
ergy required for the work in hand. By 
the use of the two charts accompanying 
this article, combined with the small 
tank heater chart shown a few weeks ago, 
the results looked for can be obtained 
without any guessing. 



CHAPTER XXXIX. 

IIEATIM; SWIMMING POOLS BY STEAM COILS. 



THERE are three methods by 
whtch large bodies of water. 
Bucta as awimmlng pools, may 
be heated. First, the water 
may be circulated directly through a 
heater. Second, by steam ailed colla sub- 
merged in the water. Third, by blowing 
steam directly Into the water or mixing 
ihe sleara and feed water before it en- 
ters the pool. 

The first method, ot passing the water 
directly through a heater Is preferable 
where special boilers have to be provided 
for the purpose, but Id many cases the 
building Is equipped with power boilers 
and It jB desirable to use the exhaust 
steam for heating the water. Where these 
conditions exist it Is better to use pipe 
i^oils in the pool and run the steam 
through them. 

The third method, of mixing the ex. 
haust steam directly with the water, is 
oiien to the objection that oil from the 
engine is liable to be carried along with 
the steam and there Is apt to be more or 
less noise in connection with this method. 

As regards coal consumption II does 
not matter which method Is used. There 
will be a given quantity of heat required 
which will be furnished by the fuel and 
It Is hard to see where any one system 
would hare any advantage In fuel econ- 

It steam colls are used to heat a swim- 
ming pool they should be placed at the 
sides, which may be recessed to receive 
them, as in sketch Fig. 169. These pipes 
should be proportioned in size to the quan- 
tity of steam to be passed per hour. It 
Is useless to expect a coll to condense any 
more steam than the pipe feeding It will 
carry. The following table gives the size 



of pipe that is safe to use for the differ- 
ent rates of condensation In the i»11b 
with low steam pressure: 
size ofstesmplpe* 
to feed condensing 

coils. 
Steam CoDdeUBed by It 1 pipe If 2 plpa 
tbe Colls per hour. Is used. are ased. 

In pounds. Inehei. Inches 

100 Hi 

--00 lli 

;ioo 2 

4(K» 2H 2 

500 214 2 

800 3 2H 

700 8 2^ 

800 314 2*4 

BOO 8\4 2i4 

lOOO 4 S 

1000 414 8 

2000 5 3H 

As the steam condenses so rapidly In 
the colls when Immersed In the watef 




It is not necessary that their combined 
area should be equal to that of the feed 
pipe, but It is good practice to use a 2- 
Inch or 2Vj-lnch pipe when the colls are 
of unusual length, as in swimming pools. 
It Is also better to use branch tees In 
these long colls, as the friction Is too 
great in a return bend coll. see sketch, 
Fig. 170. In which the steam travels the 
length of the lank twice, or 200 feet In 
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a pool 100 feet long, while with return 
bend colls, the steam travel would be 800 
teet. This arrangement, Fig. 59, requires 
colls on both sides of the pool and iwo 




ileam supply pipes which Is better than 
10 have one suppU and carry the steam 
from that supi ly aroi n<l both sldCH and 
one end Another reason wh> short runs 
are (o be preferred Is because in long runs 
of pipe a larger portion of It Is Issued as 
ft drain for Che condensation, and becomes 
thereby Inefficient. 

If It Is desired to heat the water by cir- 
culating it directly through a heater, the 
latter should be located In a pit or sub- 
cellar at the deep end of the tank and 
the flow pipes extended to the further 
and. as in sketch. Pig. 171. There should 
be two flow and two return pipes, as 
shown In the end view of pool. Fig. 172, 

We give the following eiamples of 
problems In healing water which the dia- 
grams 167 and 168 make easy of solution. 

Specification: 

A swimming poo] conlainlnp; 250.000 U. 




S. gallons of water Is to be raised In tem- 
perature from 40 to 80 degrees every ten 
hours. The steam wili be furnished from 
the exhaust, supplemented wlih live 



steam when necessary. How many 
pounds of Bfeam and coal will be re- 
quired per hour and how many square 
feet of coll will be required (or the pool* 

Referring to diagram Fig 167 »e find 
Chat 6 000 gallons require 200 pounds of 
coal and 1 ~20 pounds steam to raise the 
temperature 40 degrees in one hour To 
the work In ten hours requires 1 10 the 
quantity or 20 pounds of coal and 1"' 
pounds of steam and as 250 000 Is aO 
times greater than 5 000 we require of 
coal per hour 20 X 50 i= 1 000 pounds 
and of steam 172 x 50 == S 600 pounds 
per hour 

The temperature of the steam Is 213 
deg F mean temp of water GO deg 
temperature difference 152 deg 

Chart A Pig 168 page 173 shows Ihat 
one square foot of pipe at a temperature 
Ilfference of 152 deg will condense 23 a 




pounds per hour and 8,600 divided by 
23.5 Is 360 square feet of pipe coll le- 
qulred. 

Aa 30 pounds of water evaporated per 
hour equals one horse power, we have 
S,6D0 

= 286 horse power required In 

30 
boilers. 

Another example: 

ETlght hundred gallons of water are io 
be raised from 40 to ZI2 degrees per hour 
and the heat Is to be transmitted by cir- 
culating I he water through a beater. 
What siie water heater Is required? 

Referring to Fig. 167, page 171 (we And 
that 140 pounds of bard coal will be re- 
quired per hour, and we must select a 
boiler which will bum that quantity per 
hour. With a good draft, a well-propor- 
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tioned boiler will burn 8 pounds of bard 
coal per square foot of grate per hour and 
140 

1= 17.5 square feet of grate and from 

8 
200 to 250 square feet of beating surface. 
If 75 to 80 per cent, of tbe heating sur- 
face is direct, 200 square feet will be am- 
ple, for it must be remembered that if 
the boiler has a large amount of heating 
surface, it will be difficult to burn the 
coal at a rate of 8 pounds per square foot 
of grate per hour, because of the impeded 
draft, and that with the direct draft boil- 
er we get, as a rule, better combustion 
and a greater yield of heat from the fuel. 



When radiation is used to dry out the 
plaster in a new house in winter, it fre- 
quently happens that the boiler cannot 
make steam as fast as it condenses in the 
radiation, and in such cases the boil- 
er is said to be too small or "no good," 
when, as a matter of fact, owing to the 
air being saturated with water, the radia- 
tion is condensing the steam at about 
double the normal rate. This has fre- 
quently been proved in practice. When 
a boiler which seemed to be too small 
has been allowed to remain until the 
rooms were thoroughly dry. no further 
complaint of insufficient boiler power have 
been heard. 



CHAPTER XL. 

HEATING WATKR F'OK GRRKNHOUHKS FROM STEAM UOILGRS. 



WE have had a number of in- 
quiries of late regarding the 
heating of residences and 
greenhouses by water, heat- 
ed by steam. In some cases the parties 
have a low pressure steam heating ap- 
paratus in their houses and propose to 
heat the greenhouse by taking steam 
from the boiler to heat the water for 
that purpose. In other cases they, desire 
to take steam from a power plant and 
heat water in a tank and from that cir- 
culate the water through the house. Both 
of these methods are feasible if the con- 
ditions are right. 

When it is desired to use steam from 
a low pressure boiler already installed 
for some other purpose, the first thing 
is to find how much steam the new ad- 
dition will require, and, if the boiler is 
capable of supplying that in addition to 
its regular work. 

A grt^t deal has been written by differ- 
ent authorities in regard to the amount 
of heat given off by a steam pipe im- 
mersed in water and scarcely any two of 
the authorities agree. Possibly one rea- 
son is that these experiments were made 
on a small scale and when put into prac- 
tice there has not been sufficient allow- 
ance made for loss of heat and changed 
conditions. In order to get a line on the 
tranKmission of heat from a steam pipe 
immersed in water, the writer has re- 
cently made a series of experiments, fol- 
lowing as closely as possible practical 
methods. The ret^ult of these experiments 
shows that one square foot of pipe, filled 
with steam and immersed in water, will 
condense 0.155 pound per hour for one 
degree Fahrenheit difference of temper- 
ature between the steam in the pipe and 
the water surrounding it. 



In taking the temperature of the water, 
we always take the mean temperature. 
For example: If the initial temperature 
of the water is 60 degrees and the ter- 
minal temperature 100 degrees, the mean 
temperature is obtained by adding 100 to 
GO and dividing by two, showing in this 
a case a mean temperature of 80 degrees. 
If the steam in the pipe is at 220 degrees, 
the temperature difference will be 140 de- 
grees, and 140 multiplied by «>.]r>5 gives 
21.7 pounds of steam condensed in one 
hour by one square foot of pipe. If the 
temperature difference were only 70 de 
grees, then we would have 70 multiplied 
by 0.155, which gives 10.8 pounds con* 
densed by one square foot in one hour. 
This is just half the amount the pipe 
will condense when the temperature dif- 
ference is 140 degrees, and shows the 
importance of knowing the conditions be- 
for attempting to install any such work. 

While it is impossible to tell exactly 
the loss of heat in passing through a 
given amount of radiation, the loss can be 
approximated pretty closely. For exam- 
ple: In the ordinary residence work, 
with the water circulating through 1,000 
feet of radiation, the water will return 
to the boiler at a loss in temperature of 
about 20 degrees. In greenhouse work 
it is not safe to figure lesd than 40 degrees 
loss. 

To make this matter clear to our read- 
ers, we show in Fig. 173 an Illustration of 
a hot water heating apparatus in a green- 
house being warmed by steam from a 
low pressure boiler. In this case there 
are 600 feet of water radiation in the 
greenhouse and in the residence there 
are 800 square feet of steam radiation 
attached to the boiler. The 600 feet of 
radiation in the greenhouse will lose 400 
178 
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B. T. U. per square toot per hour, a total 
nt 240.000 B. T. U. per hour. This di- 
vided by 9C0. which Is the quaotlty of 
heat liberated by one pound ot coodensed 
9teatn, gives 250 pounds Of steam which 
must be condensed per hour to liberate 
the necessary amount of heat to make up 
Ihia loss. The temperature oF ateam In 
the pipe we take at 220 degrees, the out- 
Koing water at ISO degrees and the re- 
turn water at HO degrees. This gives us 
a mean temperature tn the water ot 160 
liegrees. and 220 — IGO = GO degreea tera- 



tlal. It must, however, be large enough 
to contain the pipe coll In a horizontal po- 
sition and the bottom of the coll must ba 
above the water line of the steam boiler. 
In some localities they use a much 
larger tank than la suggested here in 
order to have a reservoir to tumlsh hot 
water when the fire Is low. There mar 
be some little gain In this, but very little 
as the water wilt very quickly cool down 
when there was no steam entering the 
pipe, and we believe that nothing Is 
gained by making a tank larger than is 




FIG. 1T3-HEATINC A GREENHOUSE WITH WATER FROM STEAM BOILER 



perature difference between the steam pipe 
and the water surrounding It. This 60 
ftegrees multiplied by 0.155 gives us 9.3 
pounds of steam condensed In one hour 
by one square foot of pipe, and as we 
must condense 250 pounds, we divide 250 
by 9.3 and find the tank requires 27 square 
feet, or 62 linear feet of 114-Inch pipe. 
This can be put In a tank S feet long and 
30 Inches diameter, which will contain 
300 gallons. 
The capacity of the tank Is not essen- 



necessary to hold the proper amount of 
pipe to heat the water. (Put the extra 
money into a larger boiler that will fur- 
nish steam for 10 or 12 hours without 
attention.) 

To furnish this much steam we as- 
sume that each pound of coal burned will 
evaporate eight pounds of water, and 260 
divided by 8 gives 31 pounds of coal re- 
quired per hour. Assuming that the boil- 
er Is run at a rate of combustion that 
will bum 6 pounds of coal per hour per 
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Hqiiare toot of grale, we find there will be 
required a boiler with G square feet of 

Brate. 

As there are KOO square feel of steam 
radiation in the house where the air ie 
70 degrees, we figure that earh square 
toot will coodeuse 0.3 pound of steam per 
hour, or 240 pounds of eteitm. Dividing 
this by S gives 30 pounds of cohI required; 
Sa divided by 6 gives 5 square feet of 
grate; so there would be required to fur- 
nish steam for 800 feet of steam radiation 
in the house and GOO feet of water In the 
ereenhouKe a Imilpr with \0 sniimrp fpi-l of 



boiler room and trapped into rerelvlng 
tftnk and thence pumped back Into the 
boiler. In all other respects the apparatus 
would be the same as Is shown lii sketch 
10B. In sketch 174 tank Is shown In de- 
tail. 

In figuring for 10 pounds of steam In 
Ihe coil, we will call the temperature of 
the coil 239. We will call the water go- 
ing out of Ihe tank ISO and retumfni: 
Tt>f>. giving IIS a mean temperature of 170 
degrees, and 239 — 170 ^ C9 degrees lem 
perature dllTerence between the 



I 




d 69 



I 



^^ 



FIG. 1 



-SHOWINi 



grate. This would mean a square boiler 
with a grate 3>i Inches wide and 40 Inches 
deep, or a 6-Bectlon SH-lncli square boiler. 
If it Is desired to heat a residence with 
steam from a high pressure boiler In the 
neighborhood, tbe steam should be re- 
duced to about 10 pounds before It eaters 
the house. The condensed water from the 
coll would have to be taken back to Ihe 



RRANGEMEl^T OF STEAM COIL IN TANK 

mulllplled by O.lun Is equal to 10.7 pounds 
of steam condensed per square foot ot 
pi[>e coll per hour. Then If there are. 
say, 1,200 feet ot radiation In the build- 
ing, we must condense 3G0 pounds o( 
steam per hour lo furnish tbe heal lovt 
In warming the rooms, and 360 divlied hy 
10.7 gives us 33.5 square feet ot pipe coll 
required In tbe tank. 



CHAPTER XLI. 

RKI)UCEI> PI1»K SIZES FOR STEAM HEATING APPARATUS— CORRECT AND INCORRECT 

METHOD OF PIPING CONNECTIONS TO STEAM DOME. 



IN this article we show basement plans 
of a building 80 feet long and 50 
feet wide. In Fig. 175 the piping is 
shown in two circuits. One 2V^-inch 
circuit leaves the boiler and takes in one- 
half of the building, the other half being 
covered by a 2-inch circuit. The 2%- 
inch line is 112 feet in length from where 
it leaves the boiler until it drops into 
the submerged return at the opposite side 
of the building. There is attached to 
this 2%^inch main 710 square feet of radi- 
ation, divided into thirteen radiators. The 
2-inch line is 120 feet in length from 
where it leaves the boiler until it drops 
into the wet return, and carries 560 
square feet of radiation divided into ten 
radiators. 

In ordinary practice where we show a 
2V2-inch circuit. 3%>>inch or 4-inch would 
be used, and where we show a 2-inch cir- 
cuit, a 3-inch would be used. 

The object of this article is to show 
how pipe sizes may be safely reduced, 
thereby reducing materially the cost of 
installation in low pressure steam heat- 
ing apparatus. 

We will assume that an apparatus 
where the piping is designed as shown in 
Fig. 175 is operated in zero weather with 
a pressure at the boiler of 2 pounds. Un- 
der these conditions the steam would 
travel through the 2i^-inch circuit at a 
velocity of 40 feet per second, and through 
the 2-inch circuit at a velocity of 45 feet 
per second. 

We will assume that the boiler is of the 
vertical sectional type, made of cast iron, 
and contains 8 square feet of grate and 
120 feet of heating surface. Now, if 
these two steam lines are connected di- 
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rectly to the boiler as is shown in Fig. 
176, the velocity of the steam leaving' the 
steam dome will be so high that water 
will be carried out with the steam 
through the mains and into the radiators, 
and beside this the water will be likely 
to leave the gauge glass as soon as the 
pressure rises. 

It is not improbable that the pioneers 
in steam heating encountered this diffi- 
culty, and to remedy it increased the 
size of the steam mains, and that this 
practice has been continued down to the 
present time under the impression that 
the piping must be of large size in order 
to carry the water of condensation along 
with the steam, and hold a steady water 
line. 

When we consider that a cubic foot 
of steam at 2 pounds pressure will only 
occupy about one cubic inch of space 
when condensed back to water, we are 
forced to the conclusion that the custom- 
ary pipe sizes are larger than is neces- 
sary, this being particularly true of the 
return lines. 

To maintain a steady water line on a 
steam boiler with sensitive heating sur- 
face and have dry steam enter the mains, 
it is necessary that the initial velocity 
from the steam dome should not exceed 
12 feet per second, and to accomplish this 
result in the installation shown here, it 
will be necessary to take three 4-inch 
risers out of the steam dome and connect 
them up as shown in Fig. 177. 

By doing this we reduce the initial ve- 
locity to 10 feet per second, while the 
velocity in the pipe circuits remains at 
40 and 45 feet per second respectively. 

Where boilers are fitted with a steam 
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FIG. 175 -ONE PIPE CIRCUIT STEAM HEATING SHOWING PIPE SIZES AND VELOCITY OP STEAM 
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header and each section has a Beparale 
eonnectloD to the header, the comblaed 
area ot the connecting pipes ts (reguently 
so limited as to cause a high velocity o[ 
steam leaving the dome when the boiler 
Is running under strong flree, and where 



boilers to con Form to the size of the 
steam mains, and when the apparatus Is 
fired ui> ihey And the water will not re- 
main In the gauge glaaa, while more or 
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FIG. 1 



SIDE VIEW OF BOILER 



this occurs there Is no remedy, as the 
conditions are Dxed, whereas If a boiler U 
self-contained and the fitter has made the 
iQlstake of not connecting together all of 
the openings to the steam dome, his error 
can he easiiy rectified by connecting to 
his piping the remainder o[ the steam 
outlets. 

It is common practice tor fitters to 
bush the size of the openings In steam 
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no, 177-SIDE VIEW OF BOILER 

less water will enter the radiators, caus- 
ing water hammer. When this occurs, the 
usual remedy is to put check valves on 
the returns, supposing that the water In 
the radiators has been forced out through 
the returns by unequal pressure. The 
writer Is not prepared to say that this 
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does not hapiten in Isolated cases, but 
he is prepared to affirm that in the great 
majority of complaints of water hammer, 
it is caused by a spray of water being 
carried into the steam pipes by the initial 
velocity of the steam leaving the steam 
dome, and not by water forced out of the 
boiler through the returns. 

Referring again to Fig. 175. it is not 
necessary that the return pipe should 
come back to the boiler directly under 
the floor. 

The two returns may be carried over- 
head side by side back to the boiler if 
conditions are such as to make that the 
more desirable method. If there is no 
wet return the drips from the radiators 
in the inside of the building must be car- 
ried back to the boiler. 

In Fig. 178, the piping is arranged in a 
different • manner. Here it is assumed 
that the boiler is located on the south 
side of the building, while the prevailing 
winds come from the north, and it is de- 
sirable that the coldest side of the build- 
ing be the first to receive the steam, con- 
sequently a 3-inch pipe is carried from 
the boiler to the opposite side of the 
building where it divides and returns to 



the boiler in two circuits. 

In this arrangement the radiators on 
the inside of the building are connected 
directly into the main. The arrangement 
of piping shown in Fig. 178 we consider 
better practice than that shown in Fig. 
136, but it is not always possible to ar- 
range it in this manner. 

In all of these sketches the pipe pitches 
down as the arrows point, and with the 
exception of the lateral arms to the radi- 
ators and risers, the steam and water 
flow in one direction. 

In Fig. 178 there is shown a radiator 
connection in the middle of the building 
containing 70 square feet. This radiator 
connection stands 17 feet from the main, 
and to obviate the necessity of a drip 
pipe this branch arm is 2-inch pipe. This 
makes the pipe large enough to carry tbe 
steam in one direction and the water in 
the other direction without noise. 

In this piping system. Fig. 178, the ve- 
locity of steam leaving the boiler through 
the three 4-inch risers will be 10 feet per 
second; through the 3-inch pipe it will be 
47 feet per second; through the 2V^-inch 
it will be 38 feet per second, and through 
the 2-inch line 40 feet per second. 
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SMALL PIPING FOR STEAM-HEATING APPARATUS — SPACE OCCUPIED BY WATER OF 

CONDENSATION. 



AS an illustration of the capacity 
of a l>/^-inch pipe on low pres- 
sure steam apparatus, we show 
in Fig. 179 an isometric view 
of the piping plans of a small steam heat- 
ing plant, which was installed the past 
winter in a small building. 

On this Job there are twelve radiators 
containing 510 square feet. The length 
of piping, which is carried in one cir- 
cuit around the buildings, is 185 feet, and 
the square feet of mains, risers, etc., 
amount to 97 square feet, making a total 



turn of the boiler. This Job was put in 
experimentally, and so far is working in 
a very satisfactory manner. The circu- 
lation of steam through the pipe is very 
rapid. With 2 pounds gauge pressure at 
the boiler, and all the radiators in serv- 
ice, the velocity in the IMt-inch pipe leav- 
ing the 3-inch riser is 60 feet per second. 
The velocity of the steam leaving the 
boiler is reduced to 16 feet per second 
by the use of the 3-inch riser. 

In work of this kind where there is a 
long line of piping, the last radiators ob 
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FIG. 179- PIPING PLAN SHOWING TWELVE RADIATORS, 510 SO. FEET CARRIED ON A ONE AND 

ONE-HALF INCH CIRCUIT. LENGTH OF PIPE LINE, 185 FEET 



of 607 square feet, which is attached to 
the boiler. The pipe rising from the boiU 
er is 3 inches in diameter. At the top 
of this 3-inch pipe is placed a tee, which 
isSxl^xlVj inches. The IV^-inch 
steam main is carried around the base- 
ment and back to the boiler, terminating 
in an ell 1% X 1 inch. The 1-inch pipe 
is carried down and connected to the re- 
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the line will not heat when the boiler is 
operated at vapor, and to obviate this 
difficulty the IVi-lnch "booster" pipe "D" 
was taken from the top of the 3-inch 
riser and connected into the return end 
of the steam main, as shown on the plan. 
This was also somewhat of an experi- 
ment, but in this particular job the op- 
eration of it is very satisfactory. It is 
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found, however, if steam is generated 
rapidly and turned into the radiatbrs 
when they are cold, the valve on the 
"booster" pipe must be closed until the 
radiation is filled with steam, after which 
the valve may be safely opened. If the 
"booster'* pipe valve is open while the 
radiators are filling, water is likely to 
on the plan. After the pressure is g6ne. 
if the "booster" pipe is open the last 





3-4 INCH PIPE 1 INCH PIPE 

FIG. 180-SHOWING SPACE OCCUPIED BY CON- 
DENSATION FROM 560 SQ. FT. CON- 
DENSING SURFACE 

radiators on the line will heat equally 
as well as the first, which is certainly a 
decided advantage. 

This plan in Fig. 179 is not shown as 
a model heating job, but as an illustra- 
tion of the possibilities of using smaller 
pipe than is customary in low-pressure 
steam heating. It would have been bet- 
ter in this particular installation to make 
two circuits and carry two lines of 1%- 
inch pipe off the 3-inch riser, in opposite 



directions, until they meet at the center 
of the basement opposite the boiler, 
marked "C" on the plan, where they 
could be returned to the boiler overhead 
in two %-inch return pipes, and connect- 
ed together below the water line. If the 
pipe had been run in two circuits as just 
described, there would be no necessity 
for the "booster" pipe. 

The q^e8tlon frequently .arises as to 
the proper size for return mains, and in 
some shops it is the practice to run the 
return main line one size smaller than 
the steam line. In other shops the prac- 
tice is to use for the return line, two 
sizes smaller pipe than for the steam 
line. It might be a surprise to some if 
they could see the space occupied by the 
water of condensation in an overhead re- 
turn pipe. In Fig. 180 a 1-inch pipe and 
a %-inch pipe are shown full size, and in 
each pipe is shown the space occupied by 
the water of condensation from 560 
square feet of condensing surface, that is. 
radiation and piping. 

The average temperature of the air 
surrounding the radiation at the time 
this test was made was 68 degrees F. The 
volume of water shown in these pipes 
would just about fill a %-inch pipe. Of 
course, we do not say that a %-inch pipe, 
or even a Ms'-inch pipe would be the prop- 
er size to use, but we do say that % inch 
is of ample size. 
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SIZES given are lor one pipe carry- 
ing steam and its condensation In 
the same dlrecUou. 
When tbe water returns against 
the flow or the stream, larger pipe must 
be employed. 

The frictional resistance In pipes has 
been computed and Is provided tor in the 
table of "Velocities and Capacliles," up 
to the following lengths: 

1 U incb and 1 H Incb 125 11. 

2 iDcb and 2% locb 2E0 n. 

3 iDcb to 4H iDcb 4B0 ft. 

~ 5 Incb and 6 Incb TOO ft. 

T Uicb and 8 incb 1,000 ft. 

» Incb and 10 Inch 1,500 ft. 

The velocity table contemplates two 
pounds Initial pressure. 23 cubic leet, as 
the volume of one pound of steam at two 



^ 



tbe rate of condensation and the initial 
pressure when attached to radiation. 

The Internal area of steam pipes tn 
square Inches and square feet Is as lol- 
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no. 181-DIAGRAMS SHOWING PROPER AND 

IMPROPER METHODS CONNECTING 

STEAM MAIN WITH STEAM DOME 

pounds pressure, and the condensing pow- 
er of tbe radiation and piping 0.25 
pounds per square foot per hour. Each 
square foot of piping must be counted as 
condensing surface. 

The velocity of steam through the 

pipes Is governed by the resistance of the 

atmospheric pressure when the steam is 

discharged Into the atmosphere, and by 

1S7 



Any velocity ts safe in low-pressure 
. steam heating that will not lift the 
water out of the boiler. The greatest 
economy and highest efficiency is real- 
ized where the piping Is designed to give 
a hlgb ' velocity in the distributing lines 
and a low velocity of steam leaving the 
boiler, and where steam Is not admitted 
to the return lines to l>e condensed and 
re-evaporated at the boiler. If a 2-lnch 
pipe ie used to carry 600 sq. ft, of radia- 
tion, the velocity will be 40 ft. per sec- 
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and. For a boiler of 600 ft. capacity, 10 
or 12 ft. per second ia high enough for 
the velocity. Therefore, one 4-1 och or 
two 3-lQch or three 2V^-lnch pipes should 
be used to connect the eteain Hue to 
boiler dome. IF 4.000 eq. ft. of radia- 
tion is carried on a 4-lnch line, the Te- 
locity wlil b« 72 feet per second, and 
three 5-incb pipes should 1>e used to con- 
nect the 4-lnch steam line to the boiler 
dome, which will give an Initial velocity 
of ir>.5 ft. which iB high enough tor a 
boiler of four or five thousand feet ca- 
pacity. Few low pressure house-heating 
boilers of any size will deliver dry steam 
when the Initial velocity exceeds 20 ft. 
per second. (See Figures IBl, 1S2, 183.) 
If the heating trade should adopt this 
principle, there would tie less complaint 
of "water backing out of the returns." 
The water doei not leave the boiler 
through the returns but through the 
steam supply pipe, which is alioay* due 
to an exceaslve Initial velocity. In the 
following table. It is assumed that the 
ends of all pipe shall be reamed so that 
the full area of the pipe shall be avail- 
able. Nothing but oil should be used to 
lubricate the pipe Joints. Red lead and 
other dope la no better than clear oil, 
and Is likely to fill up the pipe. 

VEI.0CIT1E8 AND CAPACITIES OF l/)W- 

PRES8URE BTEAM OR SUPPLY 

MAINS AND RETURNS, 
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600 
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2000 

6S TOO 2B00 

72 1000 4000 

T8 laSO B400 

fH ISOO T200 

KS 2760 11000 

4000 16000 

SGOO 22000 

7S0O 30000 

10000 40000 
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puted when the quantity of steam passed 
per hour is known; when this cannot 
be weighed. 11 may he calculated by the 
rate of condensation In the radiation and 
piping attached. 

ProcesB. — Multiply the condensation Id 
pounds by the volume In cubic feet cor- 
responding to the pressure, which will 
give the volume of steam paaatng throogh 
the pipe in one hour. If the orifice baa 
an area of one square foot, then the 
volume of steam In cubic feet will be the 
velocity per hour. 

To ascertain the velocity per second, 
divide the hourly velocity by 3.600, which 
is 60 X 60, and divide the quotient by the 
area of pipe in square feet, which gives 
the velocity in feet per secoad. 

Example I.^A 4-lnch pipe is attached 
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10 2 110 II 

The velocity of steam passing through 
a steam pipe per second, may be com- 
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FIGURE 182 

to 2.200 square feet of radiation, which 
condenses the steam at the rate of 0.15 
pound per square foot per hour. The 
gage pressure Is 2 pounds. What Is the 
velocity of steam In feet through the 
pipe, per second? 

Answer. — 2.200 times 0.26 equals S60 
pounds steam per hour. 

550 times 23 equals 12,650 cubic feet 
per hour, 

12,650 divided by 3,600 equaU 3J2 cubic 
feet per second. 

3.5S divided by .0884 equals 39,8 feet 
velocity per second. 

Example 2.— in testing blast heater sec- 
tions. It was found that a 4-litGli pipe, 
20 feet long, conveyed 2,500 pahnds of 
steam per hour when the Initial pres- 
sure was 2 pounda. The velocity In feet 
per second Is 2,600 X S3 which equals 

3.600 X .0884 
ISO feet per second. How much direct 
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r;i[llatiOD win a 4-lDcb pipe carry, work- 
ing under above conditions? 

Answer. — 3,51)0 equals lO.OOO square 
0.25 
feel. 

This would not be good practice, but It 
shows the possibilities of pipe sizes. 

Biample 3.— One 4-Inch pipe attached 
to a boiler, carries 850 pounds ot Steam 
per hour ul atmospheric pressure. Wbat 
la the velocity of steam In the pipe per 
second? 

Answer.— S30 X 26.36 equals TO feet 
3.600 X .0884 
per second, and 850 pounds of steam per 
hour will supply 3.400 square feet of 
radiation. 

Example 4, — A 10-Inch pipe carries lO.- 
OOO pounds of steam per hour under 10 
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FIGURE 183. 
pounds pressure. What la the velocity in 
the pipe? 
Answer.— 10.IH)0 X 16 equals SI feet 
3.000 X 0.55 
per second, and 10,000 pounds of steam 
per hour will supply 40,000 square feet 
of radiation. 

SHORT METHOD OF COMPUTING 

VKUWITIBS. 
For two pounds gage preasure. mul- 
tiply the radiation and piping in square 
feet by the factor 6.7G (the product of 



0.25 times 23), which shows in cubic feet 
the quantity of steam condensed per hour 
by the condensing surface. 

To obtain the velocity in feet per sec- 
ond, divide the product by 3,600 times the 
area of the pipe In square feet, thus: 

Divisor lor 
4 Cu. Ft. 

Site ul meum 3600 

InrhcB. H<). Id. S<|. FI. i'lpe Area. 
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0.11104 
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U.033:! no 

:l T.888 U.0&13 194 

3M 0.B8T 0.0«87 247 

4 IZ.T» 0.OS84 318 

4^ IB.Ofll U.llOS :i9S 

:> l».a» 0.1388 4B0 

a ■M.SSS O.^OOH Vi'i 

7 38.738 I>.1!69 ttSS 

N 50.04 0.34T4 1200 

U *1:>,T3 0.4356 IBOM 

10 78.M39 0.5474 11170 

Bhuimple 1. — 3,900 square feet of radia- 
tion is supplied by a. 4-lnch steam pipe; 
boiler gage pressure Is 2 pounds. What 
la the velocity per sectmd? 

Answer.— 3.900 X 5.T6 equals 70 feet. 
318 

Example 2. — 1,800 square feet of radia- 
tion is to be carried on one circuit; steam 
and condensation carried In same pipe; 
pipe uncovered ; computed velocity In 
supply Ilnea 60 feet per second. What 
slse pipe may be selected? 

Answer. — l.SOO plus 20 per cent, for 
mains, equals 2,160 square feet of con- 
densing surface. 2,1S0 X 5.75 equals 12,- 
420 divided by 60 feet per second, equals 
207 for divisor (col. 4). lit the divisor 
column, the number 207 comes between 3 
inch (184) and 3>^ Inch (247). If the 
circuit Is 260 feet or less in length, use 
3-lnrti pipe. If more, use 3^ inch. 
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STBAM AND WATER PIPE SIZBH. 



JR. asks for a solution of the fol- 
lowing problems: First — Give a 
# reliable rule for figuring the cor- 
rect size of mains and branches 
for water and steam heating, low pres- 
sure. 

Second — Show the best method of tak- 
ing branches from flow and return mains, 
and give illustrations of the different 
methods. 

Third— Is it essential in water heating 
that flow and return branches have ex- 
actly the same number of fittings? 

Fourth — ^When reducing a hot water 
main where a branch is taken off to sup- 
ply a radiator on the second floor, if the 
flow branch is taken out of the side of 
the main, will it not leave an air pocket? 
For example: If the main is 3 inches, 
and is reduced by a 3 x 2% x 1^. tee and 
a 1 Mi-Inch branch is taken out of the 
side, will there not be a pocket between 
the top of the lV»-inch branch and the 
top of the 3-inch main? 

In answering our corespondent's ques- 
tion In regard to pipe sizes, we might say 
there are a great many rules for obtain* 
ing the sizes of pipe for various amounts 
of radiation. These rules are apparently, 
obtained by selecting a number of steam 
or water heating jobs which seem to be 
giving satisfaction, and then by comparl- 
son of the area of the pipes with the 
quantity of radiation attached, a rule is 
established, based on those proportions, 
which is handed out to the trade as being 
a safe rule to follow. Work installed by 
such rules may work satisfactorily, but 
possibly and very probably, i)ipe one-half 
the area would work equally as well, or 
better, and save a lot of expense. 

These rules are usually formulated by 



men of limited practical experience, who 
do not care to take any chances on the- 
ories that they do not see backed up by 
actual practice. 

A common rule in use for obtaining the 
sizes of low-pressure steam mains is to 
square the diameter of the pipe and call 
the product "square feet of radiation.*' 
thus: 

The capacity of a 3-inch pipe would be 
3 multiplied by 3 equals 9. or 900 square 
feet of radiation. 

Then there are some that take 75 per 
cent of the squared product; other take 
80 per cent, other again take 90 per cent 

The following rule for low-presBUre 
steam mains, one-pipe work, may be found 
in a number of fitters' hand books pub- 
lished by various manufacturers and Job- 
bers. 

inpin^. RadtatioD. 

'2 Inch 300 square feet 

2 % Jlnch 500 sqnare feet 

.3 inch 800 square feet 

:tVj loch 1,200 square feet 

4 inch 1 800 square feet 
4^ Inch 2.500 sqnare feet 

5 inch 3.000 square feet 

The reason that such large sizes of 
pipe ever came into use is because the 
early steam fitter found that when he 
connected a certain size of pipe to the 
dome of the steam boiler and hooked up 
his radiation, water was carried into the 
system with the rising pressure of steam. 

The only remedy he could think of was 
to enlarge his piping until a size of pll* 
was installed which worked dry, and In 
that way the current pipe sizes came into 
use. 

Numerous experiments and inatalte* 
tlons made within the past few years 
show that pipe sizes may be cut down to 
190 
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on^hair jind one-third the uHual size, 
without lowering the efficiency of the 
apparatus in any particular. To do this, 
howf'ver. it is absolutely necessary that 
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FIG. 1S4 CONNECTING RISER TO THE BOILER 

large and numerous openings be taken 
out of the steam dome of the boiler, so 
that the velocity of steam leaving the 
steam dome will be low enough not to 
rarry with it any water. 

We will suppose that a tMnch main is 
♦employed to convey steam to 1.800 square 
feet of radiation. The radiators are con- 
nected to the main with one pipe and the 
.<team and water flow together. The 
velocity of steam in a 3-inch pipe, with 
1.800 square feet of radiation attached, 
with 2 pounds pressure, is 56 feet per 
second, and if but one 3-inch pipe is at- 
tached to the steam dome of a boiler, 
this high velocity will carry water out 
with the steam and into the radiation. 

If we connect up another riser out of 
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FIG. 185 CONNECTING RISER TO THE BOILER 

the Steam dome, of the same size as the 
other, we lower the velocity of the steam, 
leaving the boiler to 28 feet per second, 
which is still too high. 



If we take three 3-inch pipes out of the 
steam dome, the velocity drops to 18.7 
feet per second as it leaves the boiler, but 
will continue in the main at 56 feet per 
second as long as the rate of condensa- 
tion in the radiation is sufficient to draw 
the volume of steam which causes the 
velocity. Three 4-inch risers from the 
steam dome connected to the 3-inch main 
will lower the initial velocity to 11 feet 
per second, which would be still better 
practice. 

See Figures 184. 185. and 186. which 
illustrate this principle. 

If care is taken to maintain a low 
velocity of steam leaving the boiler, the 
following pipe sizes may be used. 
I'l|>e sizes for One Pipe Steam. Water and 
Steam Flowing in Same Direction. 

Steam Main, inches 1 V^ 2 2% 3 

Itetum to boiler % 1 1 1 Vi 

Radiation, nq. ft ^50 600 1250 1900 

/8oo ^. // o-r J§od2o//<»js 
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FIG. 185-CONNECTING RISER TO THE BOILER 

Steam main, inches. 3H 4 4Vi 5 

Return to boiler IH m m 2 

Radiation, sq. ft 2500 3900 4800 6900 

One Pipe Risers. Water and Steam Flowing 
In Opposite Directions. 

Size, Inches 1% 1^ 2 2^ 3 

Radiation, sq. ft... 100 250 500 800 1500 
RADIATOR TAPPINGS— ITWE STANDARD 

TAPPING LIST. 

Two- Pipe Work. 
Steam mains, in... 1^ 1^ 2 2% ;l3 

Retnm. inches % % 1 1 1 V4 

Radiation, sq. ft. . . 300 500 1100 1800 2500 
Steam mains, inches.... 3^^ 4 4V^ 5 

Return, in 1 % 1 % m 2 

Radiation, sq. ft 3200 4500 5500 8000 

Two- Pipe Risers. 

Steam, inches % 1 IH 1% 2 

Return, inches % ^ % % % 

Radiation, 8q. ft... nO 100 200 400 600 
Radiator Tappings. 

no 8q. ft. and less %z% iBck 

rry sq. ft. to 100 sq. ft 1 x % inch 

Above 100 sq. ft 1^ x % fnt-h 
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Some may think it a great hardship to 
connect more than one opening from the 
steam dome of a boiler to one line of 
pipe, and claim that it is an expense they 
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FIG. 187-WRONG METHOD OF WATER HEAT- 
ING CONNECTION. THE RETURN WATER 
FROM 50 SO. FT. WILL ENTER THE 
RETURN FROM 75 SQ. FT. AND STOP 
CIRCULATION 

had not figured on. but they will find by 
experience that the saving in cost of pipe 
sizes and labor will more than offset the 
cost of boiler connections. 

As a matter of fact, the average steam 
fitter knows nothing about the velocity 
with which steam travels in a steam 
pipe, and this method of maintaining a 
high velocity in the steam lines and a 
low initial velocity at the boiler has 
never received from the heating con- 
tractor the consideration it deserves. 

If the steam-heating fraternity would 
put a little thought into better methods 
of installation, they would not only make 




FIG. 188-A REMEDY FOR THE DEFECTIVE 
CONNECTION SHOWN IN FIG. 187 

more money In their business, but they 
would make steam and water heating 
more popular, because they would be in 
a position to do it for less money. 



For water heating mains we submit 

the following sizes, which have been used 

successfully in practice. 
IMpe Sixes for Water Heatinfc. Flow and Ue- 

tiim Sdine Slse. 

Size, inches 1^ IV^ 2 2\^ 3 

Kasement Work. 

Two-pipe 100 --MM) 500 700 110«» 

One-pipe circuit ... ISO 350 500 75« 

Overhead System. 

Main riser :t<K> 600 1200 2000 

Size. Inches 3% -I 4% 5 6 

Hasement Work. 

Two-ptpe 1450 11>00 2400 30(KI 4300 

One-pipe circuit ...1050 1350 1650 2000 3000 
Overhead System. 

Main riser 2500 3500 4n00 6000 KIOOO 

Risers. 

Size, Inches % 1 1% 1% 2 2% 

From base- 
ment up feed - 

Two pipes 50 80 150 250 600 1200 

From attic 

d(»wn feed — 

One pipe 50 100 225 300 750 I5«<i 




FIG. 139-THE PROPER CONNECTION WHICH 
WILL GIVE EV1.N CIRCULATION 

Radiator Tappings for Water Heating. 

Uasement work, first floor — Tt> 25 sq. ft. % 
Inch, to 80 ft. 1 Inch, to 100 ft. 1% Inch. 

Hasomeut work, upper floors — To 40 sq. ft % 
inch, to 100 ft. 1 Inch, to 200 ft. 1%, Inch. 

Overhead system, top and bottom — To 50 
iMi. ft. % Inch, to 100 ft. 1 Inch. 

In regard to radiator tappings, the 
standard list is probably about right for 
one-pi i)e work, steam, but for two-pipe 
steam work it is much larger than is 
necessary, and for water heating the 
sizes should be reduced, especially for 
radiators on the upper floors. 

The manufacturers must, of course, 
adopt some list for tapping, and they in- 
cline to the large sizes because many of 
their customers insist on having them 
large, and it is impossible to manufac- 
ture radiators in large quantities and 
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wait until the orders come in for the tap- 
ping. They are, however, arranged so 
that they can be bushed down to any size 
desired. The sizes given in this table for 
both steam and water heating have been 
used with good results in practice. 

In one-pipe steam work it does not 
seem to make much difference how the 
branch is taken off the main. Many peo- 
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FIG. 19(>-FALL1NG CIRCULATION. AIR VENT 

AT BOILER 

pie use a 45-degree ell. claiming that by 
this method the water of condensation 
will drop into the bottom of the main 
without interfering with the outgoing 
steam. 

It would probably be a surprise to 
most heating men if they could see the 
very small amount of condensation that 
comes back from a radiator or a line of 
radiators. It is so small that it clings 
to the side of the pipe, and whether the 
pipe is taken out of the side of the main 
or out of the top of the main, or at an 
angle of 45 degrees, the condensation will 
cling to the side of the pipe until it 
reaches the bottom of the main. The 
writer's method is to use comparatively 
small mains and take most of the branch- 
es from the top of the main. 

In water heating it is as a rule good 
practice to take the flow pipe from the 
main at an angle of 45 degrees, or from 
the side if main is small, which permits 
a film of water to flow undisturbed to 
the end of the main pipe. 

If the branch for the first radiator is 
taken off the top of the pipe, it receives 
the first flow of heated water from the 
boiler, and the next radiator does not 
heat until a deeper strata of water in the 
pipe is warm. Then again it frequently 



happens that the branch taken from the 
top of a feed-water main is so large that 
circulation will not take place beyond 
that point until the water has attained 
a higher temperature than is necessavy. 
Considering this, we believe it is good 
practice to take the feed for the first few 
radiators out of the side of the main, 
while the returns should always en- 
ter the side of the return main. It 
is the return water from radiators 
on the upper floors which usually causes, 
imperfect circulation. We will suppose* 
that a radiator on the upper floor contains: 
50 square feet; the one below it 75 square 
feet. The risers to the upper floor may 
be 1% inches. The heated water goes: 
through the upper radiator very rapidly, 
and drops into the return main at a com- 
paratively high temperature, and before 
circulation is established in the 75-foot 
radiator. Then, instead of flowing along: 
the pipe toward the boiler, the return 
water enters the return of the 75-foot 
radiator, where it meets a counter-cur- 
rent from the flow pipe and the circula- 
tion in the radiator is stopped. 

To prevent occurrences of this kind, 
the riser to the upper floor should not be 
larger than 1-inch, and if near the boiler 
%-inch. It should be taken from the 
side of the flow pipe and returned into 
the side of the return main. In aggra- 
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FIG. 191-FALLING CIRCULATION. TWO CIR- 
CUITS AIR VENT AT BOILER 

vated cases of this kind, where the work 
is already installed, the quickest and 
most effective cure is to carry the offend- 
ing return pipe back to the boiler. See 
sketches Nos. 187. 188 and 189. 

Where a pipe reduces from 3 to 2^,4 
inches, or any other reduction, and the 
flow pipe is taken off at a 45 angle, there 
is unquestionably a small air trap 
formed in the larger pipe. Such reduc- 
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tions should never be made in hot water 
heating if they can possibly be avoided, 
as they will invariably cause trouble, and 
the trouble is caused by the stoppage of 
th^ flow of water along the top of the 
pipe at that point, which will enter and 
flow through the branch line easier than 
it will through the smaller main. 

A better method is to continue the pipe 
size until an elbow is reached, where the 
reduction can be made with less danger 
of impeded circulation. It is true that 
theoretically the reducing elbow will 
leave a certain amount of air in the top 
of the 3-inch main, but in this case it will 
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size. There is no air in the way, and the 
return lines, dropping to or near the base- 
ment floor, produce a more rapid circula- 
tion than can be obtained in the ordinary 
method, and beside this each line of pipe 
from the boiler carries its own motive 
power; that is to say where there is but 
one return from the boiler, the motive 
power obtained at that point must act 
for the entire system, whereas if the sys- 
tem is divided into different lines, each 
line having its own drop, a more rapid 
circulation is secured and the Job or the 
work will be more efficient throuf^out. 
See sketches Nos. 190, 191, 192. These 
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FIGURE 192-RISING CIRCULATION. THE METHOD OF BASEMENT PIPING 



not do any particular harm, as it is com- 
pressed into a very small volun^e by the 
head of water. ^ 

The best method of basement piping 
for water heating is to make the high 
point at the boiler, pitching down to the 
further end of the line, then dropping 
to or near the basement floor and return- 
ing to the boiler. The air can be taken 
off by n small pipe line connected to the 
expansion pi))e. In this method the pipe 
is usually run without any reduction in 



are mere outline sketches, showing the 
principle involved. 

There is no necessity for having the 
exact number of elbows or fitting on the 
flow and return pipes of any kind of a 
heating apparatus. Of course, elbows, 
particularly right-angle elbows, cause a 
certain amount of friction, and the fewer 
right-angle elbows used the less will be 
the friction, although the piping may be 
so constructed as to counteract friction 
and accelerate the flow of water. 



CHAPTER XLV. 



FIFE SIZES FOB WATER UEATINQ APPARATUS. 



Whave received quite recently 
a namber of letters from cor- 
respondents In various parts 
of tbe country asking tor a 
reliable rule for figuring ihe correct slaes 
of pipe and radiator valves for water- 
heat log apparatus. 

The tbeoretlcal pipe sizes for water- 
heating apparatus to produce given re- 
sults have been carefully flgured, tbe cal- 
culations being baaed on tbe velocity of 
the now of water tbrougb Ihe pipes, tbe 
frictlonal reelstance and the losa of beat. 
It a water-heating apparatus Is In- 
stalled In accordance with those theoret- 
ical pipe sizes, and return connections 
are so arranged that tbe water from the 
main return will not enter the retui^ 
end of some of the radiators, the appa- 
ratus will apparently work satisfactorily; 
that Is, tbe temperature or the radlatlOD 
will probably be within ten or Qfteen de- 
grees of the Initial temperature at the 



boiler, and unless there is an opportunity 
for comparison with an apparatus of 
equal size but using smaller pipe, It 
might easily be supposed that such an 
apparatus conld not be Improved upon. 

The heating contractor, however, who 
does a large number of water-beating 
jobs, soon learns that the theoretical pipe 
sizes may be cut in two and better re- 
sults obtained by the substitution. One 
reason for this Is that as tbe pipe sizes 
Increase the volume of water Is In- 
creased aa well as tbe cooling surface, and 
this increases tbe tax on the boiler. 
There are many water-heating Jobs In 
operation to^ay whose piping la a great- 
er tax on the boiler than Is the entire 
amount of radiation apportioned to wartn 
the rooms. 

In some of our cities a heating con- 
tractor will sometimes have a contract 
for beating one hundred cottages, all of 
the aame size, or practically so. These 
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contractors have learned by experience 
to cut their pipe sizes to the limit, and 
are now installing work that is satis- 
factory in every respect while using pipe 
of less than half the area that was 
thought necessary when they began to 
install this kind of work. For example, 
where they once used a 2-inch main they 
now use a 1^4 -inch main and assert that 
they not only get as good results, but 
that the apparatus worKS more quickly 
and that less fuel is required. In these 
cottages it is not an uncommon thing to 
see a 1^-inch main carrying 250 feet of 
radiation, the connections and valves for 
the radiators being %-inch. We do not 
advocate these extremes, but believe there 
is a happy medium whereby a large 
amount of money can be saved in mate- 



45 ells, a pure waste of time and material. 

One of the greatest fallacies in design- 
ing the piping for water-heating appa- 
ratus Is to suppose that the cross area of 
the main must be equal to the combined 
area of all the branches. It is only neces- 
sary to follow this into large work to see 
the absurdity of any such theory. 

Another superstitious idea advanced by 
some steamfltters is that all hot-water 
piping must grade up from the boiler, 
while, as a matter of fact, the quickest 
circulation is obtained by grading the 
flow pipe down from the boiler and con- 
necting the end to the return, making a 
complete circuit from the top of the 
boiler to the return, as is shown in Fig. 
193. 

In this sketch we show two lines of 
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FIG. 194-ANOTHER REASON FOR FEEBLE CIRCULATION IN AN INSTALLATION IS SHOWN HERE 



rial and in labor as well, because, as 
every practical man knows, it costs less 
to cut and fit 1^-inch pipe than it does 
to cut and fit 2-inch pipe. 

A few years ago every steamfltter who 
undertook to install a water-heating ap- 
paratus thought he must of necessity 
use long-turn elbows and Ys instead of 
tees, but he has gradually learned to do 
without these antiquated fittings. Others 
again thought that if a right-angle elbow 
were introduced in the main or branch of 
a water-heating apparatus, it would re- 
fuse to operate, and consequently it be- 
came the general practice to insert two 



piping leaving the boiler, one 2^-incb 
and one 2-inch. From the top of these 
lines, where they leave the boiler, a % 
or ^-inch line Is connected and carried 
to the nearest riser, or, if convenient, to 
the expansiou pipe. This air line, how- 
ever, may be connected to the riser to 
a first-floor radiator, as the air will then 
be extt-acted through the air valve of 
the radiator to which it is attached. 

in grading the pipe down from the 
boiler and connecting the ends to the 
return, carrying the return back on a 
line with the boiler return, much quicker 
circulation is obtained than in any other 
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way, except that of the overhead system. 
The connection between the two extreme 
ends of the flow and return main fur- 
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FIG. 195 - A HOT WATER HEATING JOB SHOW- 
ING THREE DISTINCT SYSTEMS 

nishes the motive power which causes the 
circulation. 

The flow connections to the radiators 
should be taken off the side of the pipe. 
All the returns should drop down 
and be connected into the side of the re- 
turn, whenever such connection is feas- 
ible. 

We show here a 2^^-inch line, 60 feet 
in length, carrying 900 feet of radiation. 
On the other line we show a 2-inch main 
carrying 500 feet of radiation. 

An apparatus substantially as shown In 
this sketch has been in operation for a 
number of years and giving excellent sat- 
isfaction, so there is no question as to 
the capacity of the pipes shown in this 
sketch. 

In Fig. 194 we show a sketch of the 
same quantity of radiation run in the 
usual manner, that is, with the flow and 
return pipe side by side and grading up 
from the boiler. The 900 feet of radia- 
tion is carried by a 4-inch main leaving 
the boiler, and the 500 feet by a 3-inch 
main. These mains reduce from time to 
time as branches are taken off, and it is 
in work of this kind, that frequent trouble 
occurs owing to the difficulty of obtaining 
good circulation at the end of the lines. 

One of the causes of this defective cir- 
t^ulation is the abrupt reduction in sizes, 
the heated strata of water frequently re- 
fusing to pass a given point until the 
temperature at the boiler is increased. 
Thus we frequently see a job of water 



heating that will work all right so long 
as the temperature at the boiler is be- 
tween 180 and 200 degrees, but when it 
is attempted to operate the plant at a 
temperature of 140 degrees, many of the 
radiators refuse to heat. In F^g. 193 the 
pipe size does not reduce from the time 
it leaves the boiler until it enters the 
same through the return. 

Another reason for feeble circulation 
in an installation arranged as shown by 
Fig. 194, is that the water In the return 
pipe is heated too soon from the return 
of the nearest radiator, as is shown in 
the sketch where the riser B enters the 
main return A near the boiler. This wa- 




FIG. 196-A WATER HEATER FURNISHED WITH 

A HEADER FROM WHICH FOUR 2-INCH 

FLOW PIPES DISTRIBUTE THE WATER 

ter will enter the main only a few de- 
grees cooler than when it leaves the boil- 
er, and will warm the column of water in 
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the pipe A very rapidly, and as its tem- 
perature increases it becomes lighter and 
loses its power of gravity, so that the 
ends of the line will work very slowly. 




FIG. 197— SHOWS THE WAY THE STEAMFITTER 
CONNECTED UP THE BOILER WITH A 

FLANGE 

In the main return B the radiator return 
C is not connected so near to the boiler, 
but still it will have its effect in warm- 
ing and, therefore, decreasing the gravity 
in the return pipe B. When the work is 
installed as shown by Fig. 193 the 2VL»- 
inch drop pipes F and G being at the end 
of the line, where the water is coolest 
and the gravity the greatest, will cause 
a more rapid circulation of the water 
throughout the system. 

Fig. 195 is a plan of a water-heating 
job showing three distinct systems. Line 
A is a 2V»-inch main carrying 500 feet, 
where the flow pipe is taken out of the 



top of the main and the return enters the 
side of same. At the point marked B 
this 21^-inch pipe drops to a point near 
the floor line and is carried along the 
wall back to the boiler. If It is not con- 
venient to carry it above the boiler, it 
may be dropped beneath the floor and rise 
to the boiler return, but wherever practi- 
cable it is better to carry it above the 
floor so there will be no lift at the boiler. 
Line B is 2-inch carrying 500 feet Here 
the line is utilized to convey the hot wa- 
ter to the radiators, the returns from 
which enter the common 2^-inch return. 

The reason for enlarging line A is be- 
cause it must carry the return water, and 
must, therefore, have greater area. 

The 214-inch return is of ample size for 
both lines, inasmuch as a 2%-inch main 
is sufficient to carry 1,000 feet of radi- 
ation the distance shown here, which is 
approximately about 60 feet. 

Line C is a 1 Mi-inch main carrying 250 
feet of radiation. Here the flow is taken 
out of the top and returned into the side 
and drops gradually until it reaches the 
boiler. 

In this installation it will be necessary 
to connect the three lines where they 
rise from the boiler into the nearest 
riser or expansion tank line. 

Fig. 196 is a sketch showing a water 
heater as it was planned to be installed; 
that is. the heater was furnished with a 
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FIG. 198-A GOOD METHOD OF RADIATOR 

CONNECTION 

header from which four 2-inch flow pipes 
distributed the water to the various radi- 
ators. A piping plan was made showing 
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the pipes connected to the header, as in 
Fig. 196. 

In some way the header was lost in 
transit and the steamfltter, in his ex- 
tremity, procured a flange and connected 
the hoiler up as shown in Fig. 197. Here 
one 2-inch nipple about 12 inches in 
length supplies four 2-inch lines of pipe. 

This work was installed about fifteen 
years ago, and so far as we know is still 
in operation. We ran across this Job 
after it had been in operation for about 
five years, and were told that it was oper- 
ating satisfactorily in every respect. 

This theory may be put in practice in 
radiator connections. It is good practice 
to run the lateral line to a point under- 
neath the radiator valve and look up one 
size smaller, as is i^own in Fig. 198. 
where the lateral branch is 1^-inch and 
the riser to an 80-foot radiator 1-inch. 
This system of piping has been in oper- 
ation for a number of years by some of 
the best hot-water engineers in this coun- 
try and will give satisfaction whenever 
it is put in practice. 



The standard tapping lists issued by 
the various radiator manufacturers are 
much larger than is necessary; in fact, if 
the standard tappings are used for second 
and third-floor radiators anH the risers 
are run the full size of the radiator tap- 
pings, there is almost sure to be trouble 
in the circulation of the radiators on the 
flrst floor. The following tapping list for 
hot-water radiators has been used for a 
number of years by many good heating 
men, and provided the pipe is properly 
proportioned and that red lead or other 
dope is not used to flll the orifice of the 
valve, these sizes will be found satisfac- 
tory. 
Mrst floor — Up feed : 

To 60 square feet l^xl" 

To 2.5 square feet %" x %'* 

To 100 square feet l^"xl%'^ 

Second floor — Up feed : 

To 40 square feet % " x %" 

To 100 square feet 1" x 1" 

To 200 square feet 1 14" x 1 H'^ 

Overhead system — Down leed : 

To 50 square feet %" x %'" 

To 100 square feet 1" x 1" 
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RISKKS FOR WATER HEATING APPARATUS. 



IN running risers for a hot-water 
heating apparatus, the average fit- 
ter has been taught to believe that 
he must so arrange his piping as 
to deflect the flow of hot water into the 
radiator on an upper floor. His idea is 
that if some means are not taken to turn 
the hot water into the radiator, it will 
flow past and heat only the upper radia- 
tor, the lower one in the meantime re- 
maining cold. 

Little or no attention is paid to the re- 
turn pipe, the idea uppermost in the mind 
being that if the flow of water is diverted 
into the radiator, the return will take 
care of itself. 

It is because of this belief that so many 
fitters have trouble with the water heat- 
ing apparatus which they install from 
time to time, the heated water from the 
return of a radiator entering the return 
of some other radiator and checking the 
circulation. 

It is the weight of the water in the re- 
turn pipe which causes the heated water 
-to enter a radiator, and if the returns are 
•properly connected in the basement or to 
the boiler, it will be impossible to pre- 
vent the heated water from entering the 
radiator, and following, by gravity, the 
denser and cooler water in the return col- 
uimn. 

The practice most in vogue in running 
hot-water risers is illustrated in Fig. 199. 
Here is shown a four-story building. The 
first-floor radiator contains 100 square 
feet; the second-floor. 80 square feet: the 
third-floor. 80 square feet, and the fourth- 
floor 100 square feet. 

From the main flow pipe a 2i(.-inch 
hranch runs out beneath the flrst floor 
radiat-or. which is connected with a IV*- 



inch valve. This connection is taken otf 
the top of the tee, or the top of the pipe, 
as the case may be. From the side of the 
tee, a 2-inch riser is carried to the second 
floor, and here a tee 2x1^x1^^ inches 
is used. From the top of this tee the sec- 
ond-floor radiator is fed with a 1^-inch 
pipe and l^^-inch valve. From the side 
of the tee a 1 Ms-inch riser is carried to 
the third floor, where a tee IMj x 1% x 1^ 
inches is used. From the top of the tee 
a ll^-inch connection is made to the 80- 
foot radiator, and from the side of the tee 
a 1%-inch riser is carried to the fourth 
floor. Upon the top of this riser is placed 
a 1^4 X lMi*-inch ell, so that the radiator 
may be connected up IV^-inch. The re- 
turns are of the same size as the flow pipe 
and the connections are made in exactly 
the same manner. 

The fltters who have been in the habit 
of using this style of connection will as- 
sert that if the risers are run as is shown 
in Fig. 200, nothing but the top radiator 
will heat. Probably some have tried this 
method of running the risers straight to 
the top story and feeding the radiators 
out of the side of the tee, and have found 
to their sorrow that some radiators would 
not heat, but if they had thoroughly 
investigated the matter they would have 
found the trouble in the return pipe. 
It might be that the bottom of the re- 
turn was connected into the main at a 
point where it received the water from a 
line of radiators which delivered their re- 
turn water at a higher temperature than 
the temperature of the water in the line 
that was giving trouble, and this hotter 
water would enter the cooler return and 
check the circulation in the whole line. 
We can. of course, only guess at where 
200 
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the trouble lay, but It Is a faci, neverthe- 
less, that a tine of risers may be Installed 
as Bhown In Fig. 200. and give iust as 
good results as it Is poaalhle to obtain by 



cutting floors, is much less In Fig. 2*>n 
than in Fig. 199. 

It will also be noticed that In Fig., iilili. 








running the risers and connections as Is 
shown In Fig. 199. and, or course, the cost 
'Of labor and flttlngs. to say nothing of 



EACH RADIA10R WILL BE UNIFORM 

which we consider the proper method of 
piping, the valves on all of the radiators 
are one-Inch. The riser, too. throughout. 
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is one size smaller than in Fig. 199. This 
method of piping is not theoretical, hut 
has been used successfully for a number 




FIG. 201 -ANOTHER STYLE OF RUNNING THE 
HOT WATER RISERS 

of years by some of the best beating men 
in the country. 

It is well to note that the return riser 
in Fig. 200 drops to the main return, 
which is near the floor line, and connects 



into side of same. This is the best pos- 
sible method of connecting the return, 
where it Is possible, but if it is not possi- 
ble to use the return near the floor line, 
the return riser should be connected into 
the side of the main return, whatever po- 
sition it may occupy. 

In Fig. 201 we show the same style of 
riser as Is shown in Fig. 200, with this 
exception; that the radiators are all con- 
nected at the top and from the top of the 
riser an air line is extended to the expan- 
sion tank, which takes care of all the air 
in the radiators and does away with the 
necessity of air valves, and for this rea- 
son alone is an excellent system to make 
use of wherever circumstances will per- 
mit. It is believed by those who have 
practised this method of running hot-wa- 
ter risers that they get a more even dis- 
tribution of the heat through the radi- 
ators than when using the bottom con- 
nection. Here the main flow and return 
pipes are shown run side by side, with 
the flow riser connected to the top of the 
main, and the return riser entering into 
the side of the main return. 

In Fig. 202 a li/|-inch riser is carried 
to the top of the radiator on the fourth 
floor without any connection to the inter- 
vening radiators. The fourth-floor radi- 
ator may be equipped with an air valve, 
or an air line may be carried to the ex- 
pansion tank, as is shown in Fig. 201, the 
latter being the preferable method wher- 
ever it can be adopted. Underneath the 
fourth-floor radiator there is a by-pass 
which connects the flow pipe to the re- 
turn. On the return line the three re- 
maining radiators are connected, top and 
bottom, into the same pipe, and the riser 
drops to the return main near the floor 
line, where it enters on the side. 

This method Is preferred by some fit- 
ters and will always produce rapid circu- 
lation, the only objection being the differ- 
ence in temperature of the water on the ^ 
various floors. If the water enters the 
radiator on the fourth floor at 170 deg., 
the by-pass will furnish a fresh supply of 
hot water for the radiator on the third 
floor, so that it will probably receive its 
feed water at about 2 degrees less than 
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the radiator on the fourth floor. The feed 
water entering the second-floor radiator 
will he from 7 to 10 degrees lower in tern- 
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FIG. 202-SHOWlNG THE RISER CARRIED TO 
TOP OF RADIATOR ON FOURTH FLOOR 

perature than the one above it, and on 
the first floor the temperature of the feed 
water will be from 7 to 10 degrees lower 
than the second floor. That is, if the 



fourth-floor radiator receives the water at 
170 deg.. the third-floor at 168 degrees, 
the second-floor at 158 degrees, and the 
flrst-floor at 148 degrees, there will be a 
difference of 22 degrees in the feed water 
of the first and fourth fiooi's, and the 
radiation must be increased accordingly. 
This is true of all down-feed systems 
where but one pipe is employed for the 
feed and return water, and in this re- 
spect Fig. 201 is the better installation. 

In Fig. 203 we show a four-story build- 
ing equipped with hot-water radiators, 
which are fed from a main pipe in the 
attic. The 2i^-inch main riser is intended 
to be sufficient to feed all the radiators 
shown in the sketch. 

The drop pipe A is connected into the 
main riser in the attic on the side, be- 
cause if it were connected into the top 
there would be an air pocket. This riser 
is 2-inch throughout its length and feeds 
eight radiators containing 600 square feet. 
The radiators are fed at the top from a 
cross placed on the drop line, and the re- 
turn enters a cross in the same manner 
under the floor. 

Each room on the different floors is 
supposed to require the same amount of 
radiation, but inasmuch as the feed and 
return water is in one pipe, the feed wa- 
ter for the lower floor will be much cooler 
than for the radiators on the upper floors. 
The temperature given for the water in 
risers on the different floors are only an 
approximation of the temperatures, but it 
has been found by observation that in 
many cases the water In a riser connected 
to a number of radiators, as is shown in 
riser A. will cool from 8 to 10 degrees 
passing from one tier of radiators to an- 
other. For this reason the radiation must 
be largely increased on the lower floors. 
In this sketch we show an increase of 50 
per cent, which is probably rather more 
than might be necessary in practice. 

The drop pipe, B. is lJ/{j-lnch through- 
out its length and is used to feed the radi- 
ators only, there being a separate return 
of the same size. This is a much better 
installation than is shown in riser A, be- 
cause the water will lost a very small 
portion of its heat in dropping from the 
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fourth to the first floor, therefore there is 
not the necessity for such a large increase 
in radiation. It is well, however, to in- 
crease the radiation slightly. 

Fig. C shows a 1 i{j-inch drop line carry- 
ing both the feed and return water, and 
here again the loss of heat between the 
fourth and first floors will be very consid- 
erable and the radiation must be in- 



creased to compensate for this heat loss. 
In riser D a 1^-inch pipe with a sepa- 
rate return is shown feeding three radia- 
tors of 40 feet each and one radiator of 
50 feet. 170 feet in all, the radiator con- 
nections being %-inch. In risers A. B, 
and C, the radiator connections are all 
1-inch except the top floor, which is %• 
inch. 
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FIG. 203 A FOUR-STORY BUILDING EQUIPPED WITH HOT WATER RADIATORS WHICH ARE 

FED FROM A MAIN PIPE IN THE ATTIC 



CHAPTER XLVII. 



EUROPEAN HEATING SYSTEMS. 



IN France and Germany, and in some 
other parts of the continent, a two- 
pipe system of steam heating is in 
common use. The difference be- 
tween the two-pipe steam system in Eu- 
rope and that employed in this country, 
is that in this country a pressure is sup- 
posed to be carried through the entire 
system and the radiators are equipped 
with Valves on both supply and return. 
The return valve must be closed to pre- 
vent the pressure carrying the water into 
the radiators when the supply valve is 
closed. 

The system referred to as being in 
vogue in Europe carries a pressure on the 
steam lines only, and there being no pres- 
sure on the returns, but one valve is used, 
and that on the supply pipe. There are 
no air valves on the radiators, the air 
being discharged with the return water. 
The pipe sizes are so much smaller than 




tem has been in use in France and in 
Germany for something like twenty 
years, and seems to' he constantly grow- 
ing in favor; 
Fig. 204 shows the simple principles 




FIG. 204— PRINCIPLES UNDERLYING THE 

SYSTEM 

those used in this country that at first 
glance they would seem to be entirely too 
small to be of any service, but the sys- 
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FIG. 205-STEAM HEATING IN EUROPE 

underlying the system. A is the supply 
pipe from the steam dome of the boiler. 
H is the return end of the steam oipe, 
where it has made a circuit and re-enters 
the boiler. As this pipe pitches down 
from the boiler all the water of condensa- 
tion in the pipe will be returned to the 
end of the line. The pipe C is the re- 
turn pipe into which all the radiators 
drain. This pipe also enters the boiler 
below the water line and from the point 
where it drops to the boiler an air line 
is carried into a collecting tank and from 
the collecting tank a drain pipe runs to 
the boiler and an air pipe carries the air 
outside, as shown in Fig. 205. 

In Fig. 205 A is the supply pipe, B 
the return of same to boiler, C the re- 
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turn mala which carries the air and wa- 
ter of eondenaatloa, D the colleclIoB 
Unh. F the aafetjr pipe, and G the air 
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A QUICK OPENING REGULATING 



VII I ve with tw0 graduatloDB. The first 
Rruduatlon. or adjustroent. ia set by the 
Hteamfltter who lastalU the work and Is 
Intended to admit no more steam than 
win be condensed b; the radiator. When 
the valve 1b properly set and the normal 
prexHure la on, which Is usually about 



Ihk ponnda, there wUI be bo itaaa es- 
cape from the recnra ^d ot the i«dlator. 

The aecond adjuatm^t of the t^t« b 
made by the baoaeboMer from time to 
time aa it U desired to nae ccrtala por 
tiona of the radiator to meet tbe ebangcs 
In ontBlde temperature. Tlie *»lve can 
be BO adjusted Uist hnt two loops of the 
radiator are Id oerrloe and later In the 
day, when fonr loops ar« neeeasary, the 
ralve la opened a UtUe wider. 

Fig. ZOe lllostntes one of the qnlck- 
openlng regnlatlnK valves In nae on this 
two-pipe system. The BrsI adjustment U 
effected by turning down the valve stem, 
which decreases the (qienfiig In valve. 
This Is done by removing the handle, 
which 1b used as a key for operating the 
valve Btem. After tbe adjustment is set 
for the maximum quantity ofstesm which 
shall pass Into the radiator, the handle Is 
put in place and fastened with a set 
screw. It Ib then Impossible (or the 
house owner to open the valve any wider 
than the adjustment made by the steam- 
fitter. Tbe valve can he set for less steam 
but not for more, and after the valve Is 
once properly adjusted for a given siied 
radiator, excellent results are • 
by Its use. 
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From ihts point of view the system de- 
scribed would seem to be much superior 
to any steam heatlog system Id thlscoun- 




wblcli uecesBltateB a dfBerence between 
tbe water line and the lowest point of 
tbe piping of about 3 feet. In many In- 
Btallatlone It Is necessary to make a pit 
for the boiler, to gel the neceasan' height 
In the basement above the water line. 

The ayetem described Is frequently re- 
ferred to as the "French" System, and at 
other times as the "German" aystem. As 
a matter of fact almost every engineer in 
Europe has his own peculiar method of 
Installation. The principle may be the 
same In every case but each engineer 
strlTes to give tbe Impress of his Indi- 
viduality to bis work, both In design and 
execution. 

In some Installation^ the collecting 
tank 18 not used but the air pipe goes di- 
rectlj' to the atmosphere and is left open 
at all times. In other Inalallattona a com- 
plex arrangement of tanks and condena- 
Ing radiators Is used, but each system is 
based on the principle of the regulating 
valve with preseure on the supply lines 
and no pressure on the retnms. 



no. 206 FIRST FLOOR PLAN 

try. But this system has its defects. 

Owing to the necessity of carrying a 
pressure on the steam lines and no pres- 
sure on the returns, the water will rise 
In the return pipe until a head Is reached 
which win balance the Initial pressure. 
If the pressure carried Is 2 pounds then 
there must be a difference of about 
i feet between the water line of the 
boiler and the lowest pan of the piping, 
and for this reason the engineers of Eu- 
rope have been working to install tbe 
apparatus so that a pressure leas than 2 
pounds may be carried on the system. It 
Is now generally conceded by the best 
engineers In France and Qermany (hat 
IVj pounds pressure Is the minimum pres- 
sure which can be carried on this system, 




FIG. 10»-8BCOND FLOOR PLAK 

The pipes used In this system are us 
ally Vj Inch to the radiator, with a -' 
Inch, and sometimes a 14-lncb return. 
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t unusual to see a radiator contalD- 

00 square feet connected by a i^-lnch 
y and a %-incb return. 

many Installations copper pipe Is 
as It can be easily bent, and the 
nental fltter uses as few fittings as 
ble, preferring to bend tbe pipe into 
'equlred shape. This process would 
aside red rather slow In tbis country. 
e claim having been made that this 
m vas of French or German origin, 
the question being frequently asked 
such a system vas not In favor In 
Jnlted States, the late Mr. Frederic 
r, In the "Engineering Review" of 
mber and October, 1901, explains the 

1 of the system, and shows by patent 
Ings that he was the original In- 
ir. Mr. Tudor In his paper gives a 
b of the condition of the heating 
less when he entered It In 1875 In 
'ollowing words: 

bea I went IdIo the bualnesB of heating 
entllatlng, the art waa at the loweal piw- 
ibb. The eitraordlDHrT Impetua given to 
tbe triumvirate of genlua. Walworth. 
■Dd BrlggB, bad come lo naught tbrougb 



t of p 



) the L 
o( the a 



ering i 






e then In vogue. Infliieneed b; this 
by personal reaBiiDB, and eapec tally b; a 
^ce tbat I sbould succeed tn a new and 
ital field of actlvtly, I decided to give 
' practice as ctrll engineer and lake op 
>f aanltatton. Thts nag In ISTE. The 
tng ten years were years of iDceiaant 
and atruggle agalngt eBlabllsbed bousea 
intlquated custom a, against precedent, 
and prejudice, during which period I 



ited. d 






ectcd □ 



the modem systems of healing and ven- 
u. In doing Ibis I utilized ealabllsbed 
[>les for all they were worth. 1 Invented 
pptted new ones ; and the merit of mj 
lattons rested cbleQy In the fact thai 

;ealde. I set before myself tbe problem. 
f what was to tie accompllBhed ; then I 
aa a mailer of englDoerlDg, procesaea 
vould produce the result required. Tbe 
ible coDdlllon of tbe (rade from an en- 
Ing BlandpolDt nas due to tbe Igaorance 
ay of tbose In whose hands It was a( that 
tbey neither knew what they wantpd to 
pllib. not had Ibey tbe knowledge and 



"Tbe complete revolution In thla act that 
baa taken place tn the last twenty-flve yeara la 
to be sacrlbed to me, and wai act on loot at 
Ibat time. This Is all a matter of record, and 
I do not care lo go Into It farther lo this 
place, except ao far aa II will throw light upon 
the queatlons of Mr. Debesaou. The only part 
of this development that I bad no hand In at 
all la tbe so-called American ayitem of low- 
pressure gravity ateam-beatlng. Thla had al- 
ready been brought to perfection by Maaaa- 
cbusetta and. chiefly. Boston mecbanlca. It 
muit be admitted, aa Professor Carpenter and 
other membera of tbe Society of Healing En- 
gineers claimed, tbat It Is a perfect working 
system, extremely simple In Its construction 
and operatlcm. 

"But these are virtues that can be apprecl- 
sted by the engineer only ; be alone onder- 
Btsnds what has been accomplished by tbe 
system, and how, through it, a perfect and 



able apathy and Indlffen 
IB. Ignorant of this fact then, and 
/ wllneBBlng the wretched stale of the 
Inferred tbat there was 




FIG- 3U-BOILER CONNECTION 

DolselesB circulation has been made posaible. 
The uaera of the system know nothing shout 
this, and tbey ask how It la that engineering 
■kill Is unable to do away with the coarse pipes 
snd flttlngs tbst are In the way of fumltDce, 
and besides occupying vslusble spsce, over- 
best their rooms even when tbe radiator* are 
shut o(f: nor why tbe heat of the latter can- 
nst be graduated to the requirement i, and 
controlled In s simple way. Why can one not 
turn on a little heat, Jost as one torn* on 
gas or water, by a single, easily manipulated 
valve! Why should It be necessary to send 
for a man or stout boy to operate the two fac- 
tory- like Implements tbat control tbe heal, 
wbenever It is necesssry to cbsnge the heat of 
the room? Tbe whole steam-beating outflt Is 
adapted more sppropriately to fsctorles than 
dwellings, snd seems to be iDlended for work- 
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ing mechanics to handle. The comfort and 
convenience of the average citizen, and espe- 
cially of the average woman, have not heen 
considered by steam-heating engineers. 

"All these objections were perfectly plain 
to me when I entered into the business of heat- 
ing, but previous to 1880 I had all that I 
could attend to in improving the art of ventila- 
tion in connection with heating, and I had very 
little to do with heating by direct radiation. 
After ail its advantages have been summed 
up. In the important respects of health and 
comfort, it is seen to be a vile system, and it 
did not interest me except to imagine how it 
could be improved." 

Mr. Tudor then goes on to explain the 
various systems which he had patented 
and how a restricted nipple into a radia- 
tor led to the invention of the regulating 
supply valve. 



He also states that it is his belief that 
the reason the system was not adopted 
in the United States was due to the fact 
that he controlled the patents and no one 
was willing to pay him any royalty, but 
instead did everything in their power to 
discourage the use of any device which 
he had patented. 

Figs. 207, 208 and 209 are the base- 
ment, first floor and second floor plans of 
a building equipped with the French or 
Tudor system of steam heating. 

Fig. 210 is an elevation showing the 
boiler setting in a pit in the basement^ 
and the various radiator connections. 

Fig. 211 is a view of the method of con- 
necting the piping to the boiler. 



CHAPTER XLVm. 



HEATING COUNTRY STORES. 



THE heating trade located in 
the smaller towns are often 
asked to figure the cost of heat- 
ing, with steam or water, a dry- 
goods, grocery or drug store, and when 
the radiation is computed by the same 
rule which they have applied successfully 
to house heating, they find the price so 
high as to be prohibitive, and the ques- 
tion is often raised — what rule should 
be used for computing the radiation re- 
quired in stores filled with merchandise? 

Many of the rules in common use are 
not based on sound principles, that is, 
the factor for glass Is frequently too high 
and the factor for walls too low. So long, 
however, as the proportions do not vary 
greatly, such a rule will work out fairly 
well. It is better, however, to have a 
rule that apportions to each material, be 
it glass or wall, the amount of radiation 
necessary to furnish the heat lost by that 
material. 

Where there is a temperature difference 
of 70 degrees, that is, 70 degrees inside 
the room, and zero outside, and where 
the windows consist of single glass, 1 

v. 



square foot of radiation to 3 square feet 
of glass will offset the cooling power of 
the glass where the radiators are at a 
temperature of 217 degrees, which is 
equivalent to 2 pounds initial pressure in 
low-pressure steam heating. For the ex- 
posed wall 1 square foot of radiation 
should be apportioned to 12 square feet 
of wall, and for the cubic contents 1 
square foot of radiation to 200 cubic feet, 
which allows for one change of air per 
hour. For water heating, with a mean 
temperature In the radiators of 170 de- 
grees, add 60 per cent, to the amount ob- 
tained by the above factors. 

Where a store Is located in a block it 
is always understood that the side walls 
do not lose heat, as it is assumed that 
the stores on either side are warmed. 
When the building is detached it is then 
customary to figure for a loss of heat 
in the side walls, and here is where the 
average steam fitter is away off in his 
calculations. The side walls of a mer- 
chandise store are generally shelved and 
filled with goods of some kind. In a dry- 
goods store there is practically no loss 
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FIGURE 213 GENERAL STORE SHOWING QUANTITY OF RADIATION 
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of heat through the side walls and very 
little in stores of any kind where there 
is shelving with goods. It Is safe, there- 
fore, to disregard all walls that are shelv- 
ed and filled with goods and compute the 
radiation by the exposed glass and ex- 
posed wall where there is no shelving, 
plus the radiation necessary to warm the 
cubic contents once per hour. 

In Fig. 213 we show a floor plan of a 
store 40 feet wide, 100 feet long and 14 
feet height of ceiling. In this store 
there are 620 square feet of glass, 500 
square feet of exposed wall not protected 
by shelving, and 2,800 square feet of ex- 
posed wall which is shelved and filled 
with goods. The disposition of the radia- 
tion is shown in the sketch. One radi- 



quantity of radiation, installed as shown 
by the piping plans in Figs. 213 and 214, 
would cost the owner about $375. 

As against this, figuring in the usual 
way, there would be required for the 
cubic contents 280 square feet, for the 
glass, 1 to 2, 310 square feet, and for the 
end and side walls, 1 to 20, 165 square 
feet, a total of 755 square feet. A fair 
price for this quantity would be $550. 

If water heating were installed in 
place of steam and were figured on the 
same basis as above, there would be re- 
quired 1,200 square feet, and the cost 
would be about $800. 

In Fig. 215 we show floor plan of a 
store 20 feet x 80 feet x 12-foot ceiling. 
This gives 19,200 cubic feet of air, which 




FIGURE 214-BASEMENT AND 

ator is placed next to each front window; 
one radiator in the center of the floor, 
and one radiator under each counter. In 
front of the radiators which set under 
the counters is placed a screen, which 
permits the air to flow into the store, 
acting as a direct-indirect radiator, as it 
will take the cold air from the floor and 
deliver it into the center of the store at 
a higher point. 

The air space in this store is 56.000 
cubic feet, which we divide by 200. giving 
280 square feet of radiation. The 620 
feet of glass we divide by 3, giving 206 
square feet of radiation, and the end 
wall we divide by 12. giving 44 square 
feet of radiation. We ignore the side 
walls and find there will be required 530 
square feet of steam radiation. This 



PIPE PLAN OF GENERAL STORE 

we divide by 200, giving 96 square feet of 
radiation. There are 280 square feet of 
glass, which we divide by 3. giving 93 
square feet of radiation. There are 220 
square feet of exposed wall at the end 
of the store, which is not covered by 
shelving, and this we divide by 12, which 
gives 19 square feet of radiation, a total 
of 208 square feet. The building is de- 
tached, but the side walls being shelved 
and filled with goods, we disregard them. 
This quantity of radiation, with a small 
steam boiler capable of carrying it and 
maintaining fire for 8 hours, could be in- 
stalled for about $180. Figured by the 
ordinary house rule would bring the radi- 
ation up to 340 square feet, which would 
cost about $220 to install, or about $400 
for water heating. 
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In Fig. 2\(i we show floor plans of a 
fitore 18 feet X 50 feet with lOfoot ceiling, 
containing 9.000 cubic feet of space. 
There are 200 square feet of exposed 
glass and lf>0 square feet of exposed end 
wall. The side walls have 1,0^)0 square 
feet, but are shelved and filled with goods 



dent to heating with stOTes and install 
radiation, if the price were not, in their 
eyes, prohibitive. In many cases when 
the local fitter is asked to submit a price 
for heating the store he advises the own- 
er to install a water heating apparatus. 
for the reason that it will maintain heat 




V/////m///mM//////////////m///^^^ ^^^ 



FIGURS 215 -PIPING IN BASEMENT 

and will be disregarded as a cooling fac- 
tor. The cubic contents we divide as 
above by 200. giving 45 square feet of 
radiation: the glass by 3. giving 66 square 
feet, and the end wall by 12. giving 13 
square feet, a total of 124 square feet. 
This could be installed for about $135. 
Figuring by the usual method would 



SHOWN ON FIRST FLOOR PLAN 

in the store through the night, and the 
assertion is frequently made that if steam 
is installed the radiators will become cold 
during the night and in the morning the 
store will be too cold for comfort. 

This is where the steam fitter makes a 
great mistake. It is Just as easy to 
maintain temperature during the night 
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FIGURE 216 -FLOOR PLAN OF A STORE ISiS) FKBT 



give 210 square feet of radiation, which 
would cost to Install about $180 for steam 
or $320 for water. 

There ar^ thousands of stores through- 
out the iH>uutry that would be glad to 
dispense with the smoke and dirt inci- 



in steam radiation as it is to main- 
tain heat in water radiation. It is all 
a question of having a boiler with snfll- 
cient fuel capacity to maintain steam a 
given number of honrsw If the store is 
vacant from 10 o'clock at ni^t until C 
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o'clock in the morning, the boiler must 
have sufficient fuel capacity to maintain 
steam for eight hours; but if the store is 
closed at 6 o'clock in the evening and 
opened at 8 o'clock the next morning, the 
boiler must have fuel capacity sufficient 
to maintain steam for fourteen hours, or 
nearly double the capacity required for 
the eight-hour run. It is not entirely a 
question of a boiler's capacity to carry a 
given amount of radiation, but rather the 
boiler's capacity to carry a given amount 
of radiation for a given time. 

Another means of keeping the cost 
down is to use smaller piping than is 
the custom, and this can always be done 
where the pipe connections to the boiler 



are of large area. For instance, it is 
perfectly feasible to carry 600 or 700 feet 
of radiation on a 2-inch pipe, but if the 
steam left the boiler through one 2-inch 
pipe to supply 600 feet of radiation the 
velocity would be so high as to carry the 
water out of the boiler and into the radi- 
ation. Where a 2-inch pipe is used to 
carry 600 feet of radiation, there should 
be two 3-inch risers out of the steam 
dome of the boiler to which the 2-inch 
pipe must be connected. This will give 
a velocity of 40 feet per second in the 2- 
inch pipe and an initial velocity leaving 
the boiler through the two 3-inch pipes 
of 9.5 feet per second, which will insure 
dry steam in the pipe lines. 



CHAPTER XLIX. 

HEATING FURNITDBB BTOREgL 



PKOOKBSS" writes as follows: "I 
have recently installed two small 
hot-water plants according to your 
ideas of pipe sizes, using 1^-inch 
and 1%-incb pipe where I had for- 
merly been using 2-lnch and even larger sizes, 
and was both surprised and delighted to find 
the circulation more rapid and a more even 
temperature in the radiation than I had ever 
before experienced in my work. If these Jobs 
work as well in the winter as they do on 
trial there will never be any further question 
in my mind regarding your pipe sizes. I have 
another Job to do which is a little different 
from anything I have ever tried and I would 
like to ask your advice in regard to the lay- 
out of the piping. 

The building is a three-story brick one, 100 
feet long, and 20 feet wide. It is to be used 
as a furniture store. There is a basement 
under the entire building. On the first floor, 
two sides of the building are protected by ad- 
Joining buildings ; that is, they are party walls. 
On tho second floor, the rear 40 feet on t>oth 
sidos of the store are exposed. The third floor 
extends (K) feet back from the front of the 
building, making a space 60 x 20. On top of 
those three floors is a flat roof composed of 
tar and gravel. The same kind of a roof cov- 
ers the roar part of the second story. There 
Ih a Kmall space between the roof and ceiling, 
probably alM)ut 12 inches in front running to 
nothing at the rear. 

"Tho heights of the ceilings are : First floor 
12 ftvt. second floor 10 feet, and third floor 
Hi fi»et. 

"The proprietor of this store wants me to 
hoHt It with hot water, as he thinks it will 
not Im' as hard on tho furniture as steam heat. 
"Tho temperature of the first and second 
Mm>ra Is to be 70 degrees, but the third fioor 
Is to lx» about 40 degrees, or Just enough to 
koop water from frtH»zlng. 

"I enclose herewith floor plans of the build- 
ing which show the exposed walls and glass, 
nnit w«nild bo very glad to have your views in 
roKtnd to tho lay-out of tho radiation and pip- 
ing." 

Tho floor plans of the furniture store 

roforiHMl to by our correspondent have been 
HMlrawn. piping plans have been insert- 
ed, and the layout is fully illustrated 



in Pigs. 217, 218, 219, 220 and 221. 

On the first fioor, we assume that the 
air will change once per hour through 
the frequent opening of the doors, and 
that we must, therefore, have sufficient 
heat to raise the tem];)erature of the cubic 
contents from zero to 70 degrees once 
per hour. Of course, it is understood that 
in figuring for heating apparatus in this 
climate, we must make allowance for the 
coldest weather, and it is usual in the 
middle northern States, to call the cold- 
est weather zero. It may be colder than 
that for a few hours for a few days dur- 
ing the season, but no one will complain 
if at that time, it is not possible* to get 
the temperature to 70 degrees, though as 
a rule it is Just as easy to warm a build- 
ing when it is ten degrees below zero as 
when it is zero, because with the lower 
temperature, there is not likely to be 
any wind. 

We find on figuring the first floor, that 
there are: 

24,000 cu. ft. of air space, 

352 sq. ft. of window openings, 
720 sq. ft. of exposed walls. 

We figure this on a low-pressure steam 
basis; that is. steam at 2 pounds initial 
pressure, and add to the quantities ob- 
tained for steam — 60 per cent., which 
will give the corresponding quantities for 
water radiation, when the mean tempera- 
ture of the radiation is maintained at 
170 degrees. 

To raise the temperature of 1 cubic 
foot of air from zero to 70 degrees Faht., 
requires 1.4 B. T. U.. and as steam ra 
diation under the conditions named will 
emit 240 B. T. U. per square foot per 
hour, we multiply the cubic feet by 1.4 
and divide the product by 240, which 
shows that the quantity of radiation re 
216 
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]ulred to warm tbe air Is 140 square feet. th« lose of heat We, therefore, multiply 
Elacb square foot of window glass, with the glass hj 72, dividing tbe product by 
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zero weather outside and 70 degrees in- 240. and find that lOG square feet of ra- 
Blde, win require 72 B. T. IT. to replace diatlon will be required to offset the loss 
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of heat by the glass thus exposed. 

The exposed walls at the two ends of 

the building require 22 B. T. U. per 
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walls, and we, therefore, multiply the 
exposed wall by 22, and divide the pro- 
duct by 240, which gives 66 square feet 
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FIGS. 219 AND 220-PLANS OF SECOND AND THIRD FLOORS OF FURNITURE BUILDING 

square foot per hour to replace the loss required to offset the loss of heat throogli 
of heat by transmission through the the exposed walls. 
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This gives a total of 311 square feet 
which will be required to warm the first 
floor, if steam radiation be employed. 
Adding 60 per cent, to this, for water, 
gives us approximately 500 square feet, 
and we have, therefore, placed on the 
first floor 5 radiators, each containing 
100 square feet. 

On the second floor, as there are no 
outside doors and no special ventilation, 
we assume that the air changes not more 
than once in two hours, so that only half 
the cubic contents of the room must be 
warmed per hour. The B. T. U. multi- 
plier for one change of air per hour be- 
ing 1.4, it follows that the multiplier for 
one change in two hours must be 0.7. 

The cubic contents of the second floor 
are 20,000 feet, multiplied by 0.7, and 
the product divided by 240, gives 59 
square feet. There are 250 square feet 
of glass; which multiplied by 72, and di- 
vided by 240, gives 75 square feet. There 
are 1,087 square feet of exposed walls, 
which multiplied by 22 and divided by 
240, gives 100 square feet. There are 
800 square feet of exposed roof which in 
this case we will treat the same as 
though it were a side wall. Multiplying 
it by 22, and dividing by 240, gives 73 
square feet. We have now provided for 
every source of heat loss except the ceil- 
ing of the front part of the store, which 
is 60 X 12, and contains 1.200 square feet. 

As the rooms above the second floor 
are to be maintained at a temperature 
of 40 degrees, there will be a loss of heat 
through the ceiling of the second floor. 
We compute this loss at 10 B. T. U. per 
square foot per hour. Multiplying the 
1,200 square feet by 10, and dividing the 
product by 240 gives 50 square feet, mak- 
ing a total of 357 square feet required for 
steam radiation. Adding 60 per cent, to 
this gives a total of 570 square feet re- 
quired for water, and this is divided into 
five radiators, the larger quantity being 
placed in the rear of the store where the 
loss of heat will be greatest. 

On the third floor we have 12.000 cubic 
feet of air. We flgure that the air will 
change once in two hours, and to raise 
the temperature of 12,000 cubic feet of 



air from zero to 40 degrees in two hours 
requires 0.3 B. T. U. We, therefore, mul- 
tiply 12,000 by 0.3 and divide by 240, 
which gives 45 square feet. There are 
140 feet of glass which will require 32 
B. T. U. per square foot, and 140 multi- 
plied by 32, and divided by 240 gives 19 
square feet. There are 260 feet of ex- 
posed wall and 1,200 feet of exposed roof. 
This 1,460 feet we multiply by 10 and 
divide by 240, which gives 60 square feet, 
or a total of 94 square feet of steam ra- 
diation required to maintain a tempera- 
ture of 40 degrees in the third floor, 
when the weather outside is at zero. To 
this we add 60 per cent, and flnd the 
requirements for water radiation to be 
150 square feet. This is divided into two 
radiators of 75 feet each, which are plac- 
ed in the southeast and southwest cor- 
ners of the room. The reason for plac- 
ing these radiatirs on the south wall, 
rather than on the north, is because the 
northeast and northwest winds will drive 
the air against the south wall, so that the 
radiators placed in that position will be 
more eflicient than if they were placed 
on the north wall, where they would only 
be subject to the wind pressure from the 
southeast and southwest winds. 

It is understood, of course, that the 
side walls of these three floors are pro- 
tected by party walls, there being warm 
buildings on either side. 

The total radiation is 1,220 square feet. 
The piping which will probably be ex- 
posed, will give off some heat in addi- 
tion to the radiation, but as there is only 
a small quantity of it, it is not necessary 
to take it into account. 

To carry this quantity of radiation, a 
good standard boiler of 1,500 square feet 
capacity should be selected. This boiler 
will carry the radiation at its maximum 
power for eight hours, but in moderate 
and mild weather, will run from ten to 
flfteen hours without attention. 

If the proprietors of the store insist 
upon having a boiler that will run 
twelve hours without attention in zero 
weather, and keep the radiation at a 
mean temperature of 170 degrees, a boil- 
er of 2,250 feet capacity must be provided 
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in order to furnish the necessary fuel 
capacity. 

Fig. 217 shows the piping plans in the 
basement. The solid lines represent the 
flow pipes, which pitch down from the 
boiler. The dotted lines represent the 
return pipes which pitch down toward 
the boiler. 

As the sizes are all marked on the 
plan, it is not necessary to recite in de- 
tail every fltting. 

The branches are marked on the plan, 
when they should be connected to the top 
of the main, and when to the side. These 
branches which terminate in the first 
floor radiators are marked with a cross. 
Those which terminate on the upper 



air valve, others venting through risers. 

The returns from the second and third 
floors are connected together and drop 
directly into the main return from the 
radiator on the first floor to the main 
return. In this way, there will be no 
danger of the return water from one ra- 
diator entering that of another. 

The radiators on the north side on the 
first and second fioors are connected in 
the same manner, while those on the 
south side are shown with separate con- 
nections. This is done to give variety 
of piping more than anything else, be- 
cause by this way, you can observe 
whether there is any difference in the 
two styles of connection. If all your 



^•v 




9J»J* 



II 



FIG- 221-SBCTION OF FURNITURE STORE SHOWING BASEMENT 1ST. 2ND AND 3RD FLOORS 



floors are marked with a circle. The pip- 
ing all pitches down in the direction in- 
dicated by the arrows. Each and every 
radiator, irrespective of its size, Is con- 
nected with a 1-inch valve. 

The two radiators in the front of the 
store on the first floor, may be low 
heights, or what is termed window radia- 
tion, if desirable. All the other radiators 
throughout the building would better be 
standard height, which is really 38 
inches. The three radiators in the front 
of the building on the first, second and 
third floors are to be connected, as shown 
in Fig. 221 ; that is. a branch from the 
rising line is connected into the top of 
each radiator. In this way only the ra- 



connections are made exactly alike you 
will never know whether or not there Is 
a better way. The probability is that 
you will not be able to detect any differ- 
ence between the working of the two 
lines, but there are many heating con- 
tractors who will say that when two radi- 
ators, one above the other, are connect- 
ed to the same line of piping, the low- 
est radiator will not heat, unless some 
special form of fltting is used, which 
will direct or deflect the warm water 
into the radiator, overlooking the fact 
that the weight of the water in the re- 
turn column will induce the lighter 
water to follow it. 
One advantage of connecting the radi- 



diator on the third floor will require an ators, as shown in Fig. 221. is the facility 
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with which radiators may be connected, 
ns the connecting points are both at the 
same end. The valve may be put on the 
return pipe, if desired. 

It is expected that the heating con- 
tractor will not attempt to run a rigid 
connection between the rising line and 
the radiator, but that the risers will be 
set close to the wall, so that the con- 
necting points may be taken off the side 
of the riser on a swing joint; or a 
branch may be taken from the riser at a 
point above the radiator and dropped 
down. Either manner will obviate rigid 
connections. Another good point in this 
kind of connection is the elimination of 
air valves. The less air valves that a 
heating apparatus has, the better, whe- 
ther it be steam or water, always pro- 
vided that the air can be taken off in 
some better manner. 

Reverting again to Fig. 221, it will be 
seen that one 2^-inch main is connect- 
ed to the boiler and after swinging to 
one side of the chimney, is carried up 
to the ceiling of the second floor. At 
that point a 2% x % x 2%-inch tee may 
be used, from which a %-inch pipe is 
run to the expansion tank and also con- 
nected to the radiator on the third floor. 
A return pipe is run from below the ex- 
pansion tank and connected into the 2^- 
inch flow pipe, at a point 12 or 15 inches 
below the ceiling. When the 2%-inch 
flow pipe returns to the basement, it is 
fitted with a 2 X 2 X 2^-inch tee and 
from that point the two flow pipes are 
connected, as is clearly shown in the sec- 
tional view. Fig. 221, and in the base- 
ment plan. Fig. 217. 

Tw4n ells and special fittings with 
tongues in them need not be used in this 
apparatus, as the circulation will be very 
rapid, and it will be impossible to pre- 
vent the radiators from heating unless 
they are shut off with a tight valve. If 
the valves used on the radiators in this 
Job have a 1-16 hole drilled through 
them, the radiator will still heat, because 
of the rapid circulation of the water 
through the piping. 

In regard to pipe sizes advocated by 
the writer, there is, of course, no law 



in the country compelling anybody to 
use them, and it is a matter of supreme 
indifference to the writer whether they 
are used or whether the current sizes are 
continued. The only difference is this: 
Any system that can be introduced which 
will cheapen the first cost of steam or 
water heating apparatus will enlarge 
the field of operation, and the writer 
knows by experience extending over a 
number of years that the current pipe 
sizes in both steam and water heating 
may be cut in two, with good results. 
Until some prominent man, company, or 
society takes this matter up and makes 
actual experiments, where the operation 
of the apparatus can be seen in glass 
tubes, very little progress will be made, 
because at present the trade has no sci- 
entific data as a basis for determining 
pipe sizes. One man says that if the 
pipe is small, there will be so much fric- 
tional resistance that the water will en- 
ter the radiators through the return. 

Assuming that it is common practice 
to use a 3-inch main for 900 feet of radi- 
ation, the assumption is that if a 2-inch 
main is used, the frictional resistance 
will be so great that the loss of pressure 
in the return lines will cause the water 
to leave the boiler and flood the radia- 
tion. Now, the question arises, why will 
a 2-inch pipe whose internal circumfer- 
ence is 6.4 inches, have a greater skin 
resistance than the 3-inch pipe whose in- 
ternal circumference is 9.6 inches? Of 
course, the answer will be that the in- 
creased velocity in the 2-inch pipe will 
create friction. Well, suppose it does, 
what will be the net result? 

The writer's idea is that before laying 
down laws for others to work by, the 
law giver should take the trouble to in- 
stall heating apparatus with varying 
pipe sizes and determine by occular dem- 
pipe lines. One writer asserts that by pro- 
during a vacuum in the expansion tank of 
a water heating apparatus, the velocity 
of water is increased, and the heat- 
ing effect is greater, which is equiva- 
lent to saying that a pound of coal 
will do more work in a given set of con- 
ditions if means are employed to produce 
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a partial vacuum in the tank. Now, 
if this be true, why not attach a 
vacuum pump to the expansion tank 
and with a few strokes of the pump 
handle, produce a vacuum which will 
furnish suflScient heat in the mild 
weather of spring and fall, without us- 
ing any fuel? 

Another says that by the application of 
pressure on the water in a water heating 
apparatus, the circulation and heating ef- 
fect are increased. According to this, 
there must be some circulation and some 
heat produced by the pressure, and if 
so why not use the city water pressure 
or a pump to do the heating in mild 
weather? 

Another says that by* enlarging the 
piping in a certain job. 50 per cent, of 
the fuel was saved; and still another, by 



the use of long sweep fittings, and 45- 
degree ells, 50 per cent, was saved in 
the fuel consumption. 

Thoughtless statements of this kind do 
the heating business more harm than 
good, because such results are a physical 
impossibility. 

A compilation of pipe sizes used by 
every fitter of fair experience in the Unit- 
ed States might be interesting, but not 
very instructive, because they will be 
found to be very much alike. If there 
is a fitter here and there who is using 
smaller sizes than his competitors, he 
will be very careful not to say anything 
about it, and if he is asked for the pipe 
sizes used in his practise, will send in 
a list to correspond with the majority of 
lists now published in the various text 
books and catalogs. 
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CHAPTER L. 

^ INSTALLING WATER HEATING APPARATUS. 



IN describing the diCTereDt methods 
of Bteam and water heating appar- 
atus, we Bometlmes feel that we 
are wasting time and space in de- 
■crlblas parts of the apparatus which 
are well known to everyone at all fa- 
mi Itar with either plumbing or steam 
atting, but a few weeks ago we dlscov- 
ered a Job which was supposed to be 
a bot water heating apparatus, that 
bas changed our views entirely on the 
subject, and we now believe that articles 
of this kind cannot be to elementary, be- 
cause there Is a conetant supply of new 
men entering the field, many of whom 
have had no experience whatever In de- 
signing or installing heating apparatus. 
The apparatus referred to was not 
found in some remote country district, as 
might be supposed, but within thirty 
minutes' ride of New York's city hall. 



Fig. 222 is a plan of the boiler and pip- 
ing, rig. 223 BhowB the boiler with the 
expansion tank connected to same, and 
Pig. 224 shows a line of radiators on the 
first, second and third floors, and the 
manner In which they ore connected. 

Starting at the boiler, Fig. 223, It will 
be noticed that the expansion tank Is con- 
nected to the boiler. This would not do 
BO much harm If It were not that an air 
pocket Is formed between the top of the 
tank and the top of the boiler. 

The piping 19 not ao very much out of 
the way, but might be Improved upon. 
For example, a 3-lnch line Is run from 
the boiler to carry 43G feet, which Is 
entirely too large, 2^'lncb pipe being 

On one end of the run the pipe was re- 
duced with reducing couplings, one of 
the worst possible things that could have 
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FIG. 22Z-HEATtNG JOB FOUND IN NEW YORK. PLAN OF THE BOILER AND PIPING 
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been done under tbe clrcnmataaceB. The 
return main 1b rnn a eiie less than the 
How pipe, but therp Is no harm In thle 
becauee the flow pipe was larger than 



Turning to Fig. 224, It will be noticed 



The unique feature In regard to tbe 
rfeera la an air casblon which waa plac- 
ed on the top of each line of rlsera. This 
certainly la a novel method of Installing 
water heating apparatus. There were no 
valvea on Che radlatora, becauw thla air 






E] 



IS=il\ 



Ti=t. 



2^' igeftirjK 



> r^ 


= 






~S 


'"■'i^i 




2" 


1^1 


nr 






L 






_i 


I:<r^l 


_ 



FIG. 223-1 

that the rlsera are the same size from 
top to bottom. There U no particular 
barm In thle either, because the radlat- 
ora will heat when connected up In this 
way if the return rlaer la properly con- 
nected, BO that the circulation will be 
free. Of course it would be better to re- 
duce the sizes of pipe on each floor. 



FIG. 22fi— SHOWING COKNECTIOH TO BOILER 

cushion was aupposed to take care of all 

the air from tbe entire heating apparatus. 

In Figs, 225, 226 and 227 we show the 

proper method of inetslUng thla appai^ 

In Fig. 226, which Is a plan of the job, 
the main flow pipe from the boiler Is 
tVi Inches. From tbe top ot tbe riser 
out of tbe dome of the boiler an air line 







FIG. 225-PLAN Of PIPING AND PROPER METHOD OF INSTALLING THE APPARATUS 
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1b ran and connected to the nearest riser. 
The pipe then prtches down from the holl- 
er la every direction and, at the extreme 
ends of the rune, is dropped to a point 
near tbe floor line and connected Into the 
return. Tbe flow pipe for tbe rising lines 
and near the floor Is taken off tbe Bide 
of the main. All the returns drop Into the 



return main and are preferably connected 
Into tbe side of same. 

In Fig, 227 Is shown a line of radiators 
connected with risers. Here the riser 
leaves the main 1^ Inch. After It leaves 
the flrst floor It Is reduced to I Inch and 
again reduced to Vl Inch for the third 
floor. The radiator connections may all 
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FIG. 32S-OLD HOUSE HEATED WITH WATER, PIPING PLAN. BASEUEMT|6 FT, 6 IW. 
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be % inch, as each radiator contains only 
4m square feet. 

Fig. 226 is a view of the boiler showing 
the 2^inch flow pipe and the air line 
rising from same. Figs. 228, 229, 230 
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FIG. 22^-OLD HOUSB HEATED WITH HOT 
WATER. RISERS EXPOSED 

and 231 are plans of a hot-water heating 
apparatus recently installed in an old 
liouse. 

There are 470 square feet of radiation 
in the house, which is carried by a boiler 
with 21-inch grate, the catalog rating of 
which is 750 square feet. From the top 
of the boiler a 2-inch and a l^rinch pipe 
rise, which are connected together at the 
Top and from there is carried an air line 
which is connected into the nearest riser. 
The pipes then pitch down from the 
boiler in every direction, drop at their 
extreme ends, and are carried back on 
the wall within two feet of the floor line, 
'fhus all the air in the basement piping 
is taken off at the boiler through the 
's-inch air line and delivered into the 
return riser, which connects directly with 
the expansion tank in the closet on the 
Hecond floor, as shown in Fig. 231. 

This method of water piping is becom- 
ing popular with all who have tried it. It 
'^•ertalnly gives better results than does 



the regular method of rising from the 
boiler where the end of the pipe termin- 
ates in a radiator connection. 

In the style of piping shown in Fig. 229 
the ends of the pipe are connected together 
and create a rapid circulation through the 
entire line of piping, so that every radi- 
ator connected to the line gets the bene- 
flt of this increased circulation. 

In this apparatus which we are discuss- 
ing every radiator in the house will heat 
evenly throughout when the water at the 
boiler is at or about 100 deg. F. tempera- 
ture. It is very rarely that any method 
of hot water heating distributes the water 
as evenly as does this little heating Job. 
Besides this, when the fire is kindled in 
the boiler the circulation is wonderfully 
rapid and the temperature of the house 
can be raised very rapidly. 

The quantity of radiation necessary to 
heat this house was determined by appor- 
tioning one square foot of radiation to 200 
cubic feet of space. One square foot of 
radiation to 12 square feet of exposed 




FIG. 230-AN OLD HOUSE HEATED WITH HOT 
WATER. SECOND FLOOR PLAN. CEIL- 
ING 8 FT. 6 IN. 

wall, and 1 square foot to 3 square feet 
of window opening. These factors give 
the quantities of radiation for low pres- 
sure steam heating, to which was added 
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60 per cent, to make tbe equivalent radia- temperature In the radlatora of 170 de- 
tlon required for water, with a mean greee F. 
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CHAPTER LI. 

SMALL PIPE FOR WATBE HEATING APPARATUS. 



I PROPOSE installing a hot water heat- 
ing plant in accordance with basement 
plans submitted herewith. 
"This Is my first experience in using 
this system, having heretofore always 
used larger sized pipes, reducing them as the 
radiation was talcen off, and none of which 
have come up to my expectations in the matter 
of efficiency. 

"I have been following closely the articles of 
Mr. Thompson for past few months and am 
;;reatly interested. Will you kindly submit 
enclosed plan to him for his advice? 

"Any suggestions or alterations be may make 
will be most highly appreciated. I propose 
taking branches for upstairs off the side and 
for downstairs, on a 45 degree. Zn this right? 

We reproduce herewith the basement 
and first and second floor plans sent us 
by our correspondent, and have made a 
few changes in the pipe sizes, but not in 
the arrangement of the piping or in the 
])osition of the radiators. 

I^ooking at the piping plan, in the 
basement, Fig. 2S2, we show one line of 
2-inch pipe rising from the boiler, and 
connecting into two 2-inch lines. This 
is shown clearly in Fig. 235, where each 
line of 2-inch pipe pitches down from the 
single 2-inch pipe which rises from the 
boiler. This rising pipe should be car- 
ried as high as possible, and from the top 
of the tee a %-inch pipe should be car- 
ried either to the expansion pipe or into 
the nearest riser to the main, because 
that is the high point of the basement 
piping. 

From that point both lines of 2-inch 
pipe pitch down Just sufficiently to drain 
the water out of the pipes, until the last 
radiator is reached on each line. At that 
point a 2 X 1 %-inch ell is placed on the 
feed pipe looking down; the 1 %-inch re- 
turn drops to a point above the floor line, 
a few inches higher than the return tap- 
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ping of the boiler, so that if the boiler 
is emptied of water all the water in the 
apparatus will empty through these re- 
turns into the boiler and out of the boiler 
through the drain cock. 

Line "A" carries 410 square feet; the 
first radiator is on the first floor, con- 
taining 60 square feet, and sets quite 
near to the boiler. To prevent this radi- 
ator heating much ahead of the others, a 
l-mch pipe is taken out of the side of 
the 2-inch main and carried to a point 
underneath the radiator, where it Is fit- 
ted with a 1 X %-inch ell. The %-inch 
pipe rises to the radiator, which is fitted 
with a three-quarter angle valve. The 
return from this radiator may be %-inch 
and dropped directly into the 1 %-inch 
return. 

The next radiator is on the second 
floor and contains 45 square feet. To 
feed this radiator, a 1-inch pipe is run to 
a point in the basement underneath the 
foot of the riser, 1-inch in size, the riser 
itself being %-inch, and the valve of the 
radiator being also i%-inch. 

The next radiator on this line contains 
80 square feet on first floor and is fed 
by a 1 %-inch arm and a 1-inch riser 
and valve, the connection being taken 
from the top of the main. 

The next radiator on the line is on 
the second floor and contains 45 square 
feet. It is fed by a 1-inch arm and •%- 
inch riser and valve. This line is taken 
from the top of the main. 

The next radiator is on the first floor, 
contains 65 square feet, and is supplied 
with a 1 %-inch arm and a 1-inch riser 
and valve, and is fed from the top of the 
main. 

The next radiator on this line is on 
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the second floor, contains 40 square feet, 
and is fed from the top of the main 
with a 1-inch arm and %-inch riser and 
valve. 

The next radiator is on the first floor, 
contains 40 square feet, and is fed from 
the top of the main by a 1-inch arm and 
%-inch riser and valve. 

The last radiator on the line is on the 
second floor, contains 35 square feet, and 
is fed from the top of the main with a 
1-inch arm and %-inch riser and valve. 



and is fed from the top of the main by 
means of a 1%-inch arm and a 1-inch 
riser and valve. 

The next radiator on the line is on the 
first floor, contains 50 square feet, and is 
fed from the top of the main with a 1%- 
inch arm and 1-inch riser and valve. 

The next radiator is on the second floor, 
contains 45 square feet, and is fed from 
the side of the main with a 1-inch arm 
and %-inch riser and valve. 

The last radiator on the line is on the 
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FIG. 232-BASEMCNT PLAN. ONE LINE OF 2.INCH PIPE RISES FROM BOILER AND CONNECTS 

INTO TWO 2-INCH LINES 



Line H carries 340 square feet of radia- 
tion. The first radiator taken ofT this 
line is on the second floor, contains 80 
square feet, and is fed from a point near 
the boiler, from the top of the main, 
with a 1^-inch arm and a 1-inch riser 
and valve. 

The next radiator on line B is on the 
second floor, contains 55 square feet, and 
is fed from the side of the main with a 
1-inch arm and %-inch riser and valve. 

The next radiator is on the first floor. 
This radiator contains 60 square feet. 



flrst floor, contains 50 square feet, and 
is fed from the top of the main with a 
1%-inch arm and a 1-inch riser and 
valve. 

The writer is aware that these pipe 
sizes are innovations, and that ninety- 
nine men out of one hundred In the trade 
will condenm them, but these sizes ar« 
not given by guesswork, but because we 
know from actual practice that a water 
heating apparatus equipped as designated 
by these plans and under these directions 
will circulate faster, give a more even 
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FIG. 333-IH WHICH 1$ SHOWN DIAGRAM OP FIRST FLOOR PLAN OF HOUSE 

beat In all of the radiation, and operate Reverting for a moment to Fig. 235, 

with less fuel than will the usual run of which shows one 2-inch pipe carrylns 
hot water piping. 750 square feet of radiation and feeding 
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two 2-inch mains. This will undoubtedly 
be severely criticised, but, if our corres- 
pondent will try it, he will be astonished 
to find how much more rapidly the water 
will circulate through the radiation than 
it will where each branch is connected 
directly to the boiler. 

It will not be necessary in this kind of 
piping to use twin ells or fittings with 
dams in them, or sign posts, in order to 
give the water direction. There will be 
no need, whatever, for any such devices, 
and the only reason for feeding some of 
the radiators from the side of the flow 
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FIG. 235— SHOWING ONE 2-INCH PIPE CARRY- 
ING 750 SQUARE FEET OF RADIATION AND 
FEEDING TWO 2-INCH MAINS 

pipe, is to maintain a more even temper- 
ature in the various radiators. 

It may seem strange to recommend a 
li^-inch return with a 2-lnch line for 
hot water heating. It is usual to run 
the flow and return the same size, but 
there are many Installations where the 
return pipe could well be cut down at 
least one size stnaller and get the same, 
if not better, results. 

In the present Instance, the reason for 
running the returns one size smaller 
than the flow pipe Is because we know 
that a l%rinch pipe will carry all the 
radiation that Is now placed on the 2- 



Inch lines, but there would be a little 
more loss of heat at the end of the line 
than Is to be found In the 2-inch. There- 
fore, we show the flow pipe 2-lnch, sim- 
ply to maintain the temperature of the 
water, and show the return pipe 1%- 
inoh, which will carry the water back to 
the boiler, but at a higher velocity than 
obtains in the 2-lnch line. 

Our correspondent need have no hesita- 
tion in installing the apparatus exactly 
as shown by these drawings. Several 
jobs of about this size were Installed In 
the writer's Immediate vicinity last year, 
and have been a surprise to every one 
who has seen them in operation, and they 
are also an a^eeable surprise to the peo- 
ple who furnish the fuel to run them. In 
every case where this small pipe with 
high velocity has been employed, the fuel 
demand has been considerably less than 
anticipated, and so far as cost Is con- 
cerned. It requires no argument to show 
that not only is the actual cost of the 
piping and flttings less, but the labor for 
Installing small pipe does not cost as 
much as for the large sizes. 

In one Installation, the writer has In 
mind, there are two i^-lnch pipes leav- 
ing the boiler, very similar to the line 
of pipe shown in this sketch. These two 
l^^inch flow pipes enter one 1%-inch re- 
turn the entire radiation being a little 
over 600 square feet. 

We hear more of frlctlonal resistance 
in water heating than of velocities, though 
we consider It of much more Importance 
to have high velocities where we can use 
small piping and get results, than to try 
to avoid friction, by using excessive pipe 
sizes, and loading the apparatus down 
with hundreds of gallons of water, which 
require vast quantities of fuel to main- 
tain its temperature. 

In many of these large piped water 
heating apparatus with active combus- 
tion, the velocity in the mains will not 
exceed niore than one foot in ten seconds. 

In an apparatus designed as shown In 
this sketch, with the water leaving the 
boiler at 180 degrees, the velocity through 
the 2-inch main will approximate 6 feet 
per second. 



CHAPTER LII. 

WATKK riEATING APPARATFS FOR A VIRGINIA RESIDENCE. 



I AM enclosing plans of a bouse, with the 
window glass, cx]>oMecl wall and cubic con- 
tents figured out for each room wblcb is 
to be warmed. I would like to have you 
publish this in your next issue, showing 
the amount of radiation required to heat the 
building with a hot water system. 

The house Is located in an exposed place, 
on a hill, right in the open, and is built of 
good frame construction. The location is in 
the weetem part of Virginia, and the radia- 
tion ahonld be figured to maintain a tempera- 
ture in the rooms of 70 degrees when the out- 
side temperature is at zero. Inqdibbb. 



We reproduce herewith the floor plans 
sent in by our correspondent, and have 
placed the radiation as indicated by him 
in his sketch, although we do not ap- 
prove of placing a radiator under every 
window in the room. It makes a house 
look too much like a show room for ra- 
diators. There is no necessity for plac- 
ing a radiator under every window. In 
fact, unless there is a window seat over 
it, there is the objection that the upward 
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currents of air passing through the ra- 
diator, will deposit dirt on the white cur- 
tains, which is a serious objection. 

In room 16, there are four radiators 
of 40 square feet each. These could Just 
as well be cut down to two radiators of 
80 square feet each, placed between the 
windows on the outside walls. 

The two radiators in the main hall, 
having seats over them, will look all 



of light zinc or light galvanized iron, or 
in some cases where expense is not con- 
sidered, planished copper is used, but a 
very light zinc is as good as anything. 
There should be no obstruction in front 
of the radiator. If the front is filled 
with close grill work, or if the 
apron is dropped from the edge of 
the seat as is shown in Fig. 241, the 
air is confined and the efficiency of 
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FIG. 237-DIAGRAM OF FIRST FLOOR OF 

right, but care must be taken not to push 
the seat down close to the top of the ra- 
diator. There should be a space between 
the top of the radiator and the seat of at 
least 3 inches, and the wall back of the 
radiator and the bottom of the seat 
should be lined with metal in one piece, 
rising gradually to the front so that the 
air may fiow freely out through the front 
of the radiator. Fig. 240 shows the prop- 
er method for the installation of window 
seat radiation. The metal lining may be 



HOUSE LOCATED IN WEST VIRGINIA 

the radiator falls off very material- 
ly. The same thing happens if the 
seat is placed too near the top of the 
radiator. The method of installation 
shown in Fig. 241 is very often resorted 
to and time and again, radiation boxed in 
in this manner, has proved inefficient. 
The most inexperienced heating contrac- 
tor would scarcely expect to get much 
heat from a radiator which is cased up 
in a box, and yet in Fig. 241 the radiator 
is almost cased in. 
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There are many who have the idea that 
if the radiator can be heated, the heat 
will find itself out in some way, but 
where a radiator is so hemmed in that 
the heat cannot pass freely over it, it 
does not cool the water or the steam, 
with which it may be filled, and conse- 
quently being surrounded by air of a 
very high temperature, the efficiency of 
the radiator falls ofT anywhere from 50 
to 80 per cent. 

If it is not convenient, or not sufficient 
to support the seat at the two ends, it 
may be supported by a small iron rod or 
a piece of •%-inch pipe, fitted with fioor 



flanges, one fiange resting on the radia- 
tor, the other flange resting on the metal 
lining, backed by a piece of wood be- 
tween the lining and the seat. See Fig. 
242. 

In room 14, there are four radiators, 
containing 50 square feet each; these ra- 
diators might be reduced to three. 

As the temperature of the rooms in 
the house must be maintained at 70 de- 
grees, when it is zero outside, we assume 
that the mean temperature of the radia- 
tor, under those conditions, will be 170 
degrees. We figure that each square foot 
of glass under such conditions, will lose 




FIG. 238-DIAGRAM OF SECOND FLOOR PLNN SHOWING SIDE AND TOP CONNECTIONS 
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72 B. T. U. per hour; each square foot 
of wall will lose 22 B. T. U. per hour; and 
that each cubic foot of air in the room 
will require 1.4 B. T. U. to raise its tem- 
perature from zero up to 70 degrees. 

We figure that the air will change 
twice per hour in the hall and one per 
hour in the various rooms. We assume 
that the radiation, under those condi- 
tions will emit 150 B. T. U. per square 
foot per hour, and from this data, we 
establish the following factors: 

Glass, divide by 

Wall, divide by 7 

Cubic feet of air, divide by 120 

The rooms on the first floor contain as 

follows: 

Itoom 16 72 ft. of kIhkh ; 

419 ft. wall and 3464 cu. ft. of air 
Front wall.... 80 ft. of glass; 

118 ft. wall and 12276 cu. ft. of air 
Room 14 128 ft. of glass : 

488 ft. wall and 674:i cu. ft. of air 
Room 17 03 ft. of glass : 

281 ft. wall and 471C cu. ft. of air 
Itoom 19 93 ft. of glass ; 

479 ft. wall and 3927 cu. ft. of air 
Room 12 54 ft. of glass : 

191 ft. wall and 1«8(» cu. ft. of air 

Room 18 21 ft. of glass : 

34 ft. wall and 2:{1(> cu. ft. of air 

Room 13 25 ft. of glass: 

19 ff. wall and 528 cu. ft. of air 

The rooms on the second floor contain 
;is follows: 

Room 1 18 ft. of glass : 

127 ft. wall and 1643 cu. ft. of air 

Room 2 15 ft. of glass: 

40 ft. wall and 550 cu. ft. of air 

Room 3 15 ft. of glass : 

70 ft. wall and 1530 cu. ft. of air 

Room 4 75 ft. of glass : 

95 ft. wall and 3400 cu. ft. of air 

rtoom 5 27 ft. of glass : 

83 ft. wall and 1100 cu. ft. of air 

Room 6 72 ft. of glass : 

381 ft. wall and 31 .'»n cu. ft. of air 

R^K>m 7 93 ft. of glass: 

256 ft. wall and 2890 cu. ft. of air 

Room 8 18 ft. of glass : 

32 ft. wall and 570 cu. ft. of air 

Room 9 15 ft. of glass ; 

95 ft. wall and 1540 cu. ft. of air 

Room 10 15 ft. of glass ; 

100 ft. wall and 1500 cu. ft. of air 

Room 11 30 ft. of glass ; 

320 ft. wall and 1530 cu. ft. of air 

The upper halls do not require any 

radiation as they are heated from below, 

and there is no place for the air to cool 

In the upper hall, unless it may be a 



sky-light, which the plans do not indi- 
cate. If such should be the case, it might 
be well to place a radiator of about 60 
square feet in the upper hall. 

In rooms 6 and 7 on the second floor, 
there are two radiators in each, and the 
arrangement of the pipe connections for 
these radiators is shown in a sketch 
adjoining the rooms. This will be the best 
possible way in which to connect those 
radiators. The risers can then stand in 
the corners of the rooms where they will 
not be conspicuous. The flow pipe or 
risers to these radiators are connected 
to the side of the main in the basement. 
They rise to the second floor and are 
carried along under the floor, beneath 
the radiators. The feed or flow pipe to 
the radiators is taken off the top and the 
return dropped into side of this pipe. 
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FIG. 239-SHOWING BOILER CONNECTIONS 

If our correspondent has never tried 
this method of radiator connection, he 
need have no hesitation in adopting it as 
it has been successfully practiced by the 
writer and others for years. 

The %-inch valves shown on these ra- 
diators are sufficiently large, and will 
furnish all the heat that could be ob- 
tained by using a valve of a larger size. 

The total quantity of radiation in this 
house is 1,600 square feet, and if we 
were flguring to warm a house located 
in Virginia, without special instruc- 
tions as to climatic conditions, we 
would flgure it on a basis of 20 degrees 
above zero external temperature and 70 
degrees internal temperature; a tempera- 
ture difference of 50 degrees. This 
would reduce the radiation to 1.150 square 
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teet, wblch will maintain a temperature 
of 10 degrees In the rooms so long ae tbe 
outside tem|)e rat lire does not drop be- 
low 20 degrees. 
FV>r the few severe days which occa- 




sionally visit the locality, we would run 
the water at a higher temperature, say 
between 190 and 200 degrees, which will 
give the same results as the additional 
radiation. 

This can easily Ik arranged by having 
a boiler of the capacity which we have 
suggested, namely. 2.500 square feet. 
' If our correspondent wishes to lake 
advantage of tble hint, he may multiply 
Die radiation specified for tbe various 
rooms hj tbe decimal 0.T2. This wilt re- 
duce the radiation in room 16 from 160 
to 115 square feet, and in room 14 from 
200 to 144 square feet. 

If sach a plan Is adopted, we would use 
a ver} large expansion tank, and there 
h nothing better for tbe purpose than 
a 40-gBl1on range boiler. If It Is 60-gal- 
ton, aq much tbe better, as it gives plenty 
of rodm 'for the expansion of the water 
vben relsed to a high temperature. 

The arrangement and size of the pIP' 
Ing la shown in the basement plan. Fig. 



236. As there are 1,600 square feet of 
radiation, there will be about 400 square 
feet of pipe, making a boiler load of 2,00<> 
square feet, to which we have added 2h 
per cent, for reserve power, and have se 
leeted a boiler of 2,500 square feet capac 
ity. In selecting a holler of this Blze. 
we get a fuel capacity which will main- 
tain a Are through tbe long winter nights 
and wblch will require much less stoking 
than a boiler of smaller dimensions. The 
style tif piping shown Is that with which 
the writer has achieved tbe greatest suc- 
cess, and it has been thoroughly tested In 
the past ten yearsthe past ten years. It 
the past ten years. It 1b what we would 
call "falling circulation." 

The [iliieH rise from the boiler to the 
bighesi possible point In the baSMnent. 
and from that point the air Is taken In h 
small air line, which may be connected 
to the nearest riser. In which event, the 
air is taken off through air valves on the 
radiator. A better method, however. Is 
to run this air line and connect It to the 
expansion tank, and It will then serve 




FIG. 341-6HOWING WINDOW SEAT RADIATOR 
IMPROPBttLV INSTALLED 

as welt for the expansion pipe. The air 
la then vented freely through the expan- 
sion tank and carried out of doors, or 
wherever the overflow pipe leads to. The 
piping Is divided up so that the heat 
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reaches the radiation by the shortest 
route. 

The 3-inch line on the west side of the 
building carries 1,064 square feet. From 
the side of this 3-inch main, a 2^-inch 
hranch is taken, which carries 806 square 
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FIG. 242 ENLARGED VIEW OF SEAT SUPPORT 

feet. This 2Jv,-inch line terminates in 
two 2-incb lines; one running west and 
carrying 360 square feet; the other run- 
ning east and carrying 445 square feet. 
From the junction of the 3-inch and 
2uvinch mains, a lVj>-inch main takes 
care of 259 square feet. It will be no- 
ticed that these three lines of pipe pitch 
down from the boiler, and after all the 
radiation is connected, the end of the line 
is carried out a foot or two past the last 
connection and is there dropped and con- 






nected to the return line which Is car- 
ried along the wall about 18 or 24 inches 
above the floor line. 

On the east side of the building, a 2Vi*- 
inch main leaves the boiler, carrying 536 
square feet. From the side of this main, 
a 1%-inch pipe carries 230 square feet, 
and a 2-inch main which runs to the rear 
end of the house, under the kitchen, 
carries 306 square feet. 

All the connections except thoee which 
are specially marked, are taken from the 
side of the main. In taking the flow 
pipe from the side of the main, a much 
better distribution of heat can be had. 
than when the mains are taken ofT the 
top or with a 45-degree elbow. The con- 
nections which are to be taken from the 
top of the main are marked "T**; those 
which are to be taken from the side are 
marked *'S." 

The advantage of this kind of piping 
is that the drop at the end of the main 
is always the coldest water, add the re- 
turn from each and every radiator being 
dropped directly into this return; causes 
a very rapid circulation and pennits the 
use of much smaller pipe than is possible 
with the old method of rising circulation, 
with the main return dropped at the 
boiler. 

It will be noted that there is only one 
3-inch return to carry the water con- 
tained in one 3-inch and in one 2i4-inch 
pipes, and this method of piping will 
doubtless be criticised by those who have 
had no means of measuring the result of 
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such work. This system, however, has 
been thoroughly tried and carefully 
measured with exact instruments, and it 
is a fact that the only difference noticed 
is the higher velocity in the return pipe, 
caused by the pipe being somewhat 
smaller. The only reason for carrying 
so large a pipe for conveying the water 
to the radiators, is to prevent the water 
cooling down too rapidly. 

The matter of distribution will take 
care of Itself. 'Where the return pipe 
connects to the boiler, it will be neces- 
sary to carry it below the basement floor, 
which will necessitate a rise of about 24 



inches at the boiler. To lighten the 
water in this rising pipe, which would 
otherwise retard rapid circulation, a 1- 
inch pipe is carried from the 3-inch ris- 
ing line of the boiler and is connected to 
the bottom part of the rising return line. 
See Fig. 243. The hot water flowing from 
the top of the boiler to the bottom of this 
line will lighten the water and facilitate 
circulation. 

The returns from the radiators are not 
shown, it being understood that the re- 
turns from every radiator and riser drop 
directly into the main return in the base- 
ment. 



CHAPTER LIIl. 



A (iOOn EXAMPLK OP MODERN WATER HEATING APPARATUS. 



AS a good example of hot water 
heating, with ''safe and sane" 
piping, we present first and 
second floor plans, and also 
basement plans of an old residence, lo- 
cated in western New York, in which has 
recently been installed the heating ap- 
paratus described in this article. 

The height of the ceilings on the first 
floor are 11 feet; on the second floor. 10 
feet: in the basement, 7 feet 6 inches. 

In computing the radiation, it is as- 
sumed that the air in the various living 
rooms and bed rooms, will change once 
per hour, and that the air in the hall- 
ways will change twice per hour. 

As the apparatus is intended to main- 
tain a temperature of 70 degrees in every 
room equipped with radiation, when the 
external temperature is at zero, the heat 
loss is calculated as follows: Each 
square foot of window, which includes 
glass and sash will lose 72 B. T. U. per 
hour. Each square foot of exposed wall 
will lose 22 B. T. U. per hour. Each 
cubic foot of air space will require 1.4 
B. T. U. to raise its temperature from 
zero to 70 degrees, or through 70 de- 
grees of temperature. 

It is calculated that for the maximum 
demand, the radiation will be maintained 
at a mean temperature of 170 degrees, 
and that with this condition prevailing, 
each square foot of radiation will emit or 
give off 150 B. T. U. per hour. 

To save an excessive amount of flgur- 
ing, this data has been resolved into the 
following factors or divisors: 

Glass or window openings, divide by -. 

Exposed wall, divide by 7. 

Cubic feet of space, divide by 120. 
That is, one square foot of radiation is 
apportioned to 2 square feet of glass: 



one square foot of radiation to 7 square 
feet of exposed wall, and 1 square foot 
of radiation to 120 cubic feet of air. 
In the main hall, there are 

12 square feet of KlanH. 
110 square feet of exp<»sed wall. 
3025 cubic f«'et of air > i* = 6050 cubic fert. 

The radiator which is located in the 
front part of the hall, is 38 inches high 
and contains 75 square feet. This quan- 
tity of radiation will take care of the 
second floor hall as well. 
In the parlor, there are 

57 square feet of glass. 
231 s(|uare feet of exposed wall. 
•J700 cubic feet of air. 

In this room, the radiator is placed un- 
der the front window, is 18 inches high 
and contains 106.5 square feet. 
42 s<iuare feet of );las8. 
280 scjuare feet of exposed wall. 
18r»<) cubic feet of air space. 

The radiator is placed under the window, 
is 18 inches high and contains 53 !/:> 
square feet. 

In the laboratory, there are 
15 square feet of glass. 
77 square feet of exposed wall. 
:{85 cubic feet of air. 

The radiator is placed under the window, 
is 18 inches high and contains 20 U 
square feet. 

The private office has 
21 square feet of glass. 

275 square feet of exposed wall. 

1716 cubic feet of air. 

The radiator is placed on the rear wall, 
is 38 inches high and contains 65 square 
feet. 
The dining room has 

72 square feet of glass. 
231 square feet of exposed wall. 
2890 cubic feet of air. 
There are two radiators in this room, 
which are placed under the windows. 
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They are 20 Inclies high and each con- house contains 9 square feet of wall ra- 
tains 48 square feet. diation. 

The toilet room at the rear part of the There is no radiator in the kitchen. 
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FIG. 244— BASEMENT PLAN SHOWING THE LOCATION OF HEATER, PIPING, ETC. 
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The risers are shown in the plan, ex- 
posed in the rooms, but in many cases 
these risers might well be concealed in 
the partitions. 



The radiators on the first floor which 
contain respectively 25, 20 V4 and 9 square 
feet are connected % inch. All the other 
radiators are connected 1 inch, both flow 
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and return, which is large enough. 
On the second floor, chamber No. 1 has 

36 square feet of glass. 
280 square feet of exposed wall. 



2025 cubic feet of air. 
The radiator for this room is placed in 

the corner of the two exposed walls, is 

38 inches high and contains 75 square 
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feet (ratio 1 to 27 cubic feet). 

Chamber No. 2 contains 

72 square feet of glass. 
215 square .feet of exposed wall. 
2800 cubic feet of air. 

The radiator is placed on the side wall 

near the windows, is 38 inches high, and 

contains 85 square feet. 

Chamber No. 3 has 

36 square feet of glass. 
270 square feet of exposed wall. 
1800 cubic feet of air. 

The radiator is placed on the rear inside 
wall of the room, is 38 inches high and 
contains 75 square feet 

It is usual to place direct radiation 
near the outside walls and when so 



is 38 inches high and contains 60 square 
feet 
The bath room has 

15 square feet of glass. 
60 square feet of exposed wall. 
855 cubic feet of air. 
The radiator is 38 inches high and con- 
tains 30 square feet. 
The rear hall contains: 

18 square feet of glass. 
172 square feet of exposed wall. 
60S cubic feet of air. 
The radiator is 38 inches high and con- 
tains 45 square feet. 
Room No. 5 has 
36 square feet of glass. 
855 square feet of wall. 
1570 cubic feet of air. 
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FIG. 247— SHOWING METHOD OF CONNECTING THE FLOW PIPE TO THE BOILER 



placed it has the effect of intercepting 
the cold air which frequently enters 
through loose fitting windows, and warm- 
ing it before it is distributed through 
the room. There are cases, however, 
where this is impossible as the space of 
the outside walls and near the front of 
the room, is occupied by important 
pieces of furniture, as is the case in 
chamber No. 3. 

Chamber No. 4 contains 
18 square feet of glass. 

270 square feet of exposed wall. 

1800 cubic feet of air. 
The radiator is placed on the outer wall, 



The radiator is 38 inches high and con- 
tains 80 square feet. The radiators in 
the bath room and the rear hall, are 
connected % inch. ' All the other radia- 
tors are connected 1 inch. 

The arrangement and sizes of pipe are 
shown on basement plan, Fig. 244. 

There are 889 square feet of radiation 
on the first and second floors, and at 
some future time, there will be fifty to 
seventy-five square feet of radiation in 
the attic. 

The boiler selected for this installa- 
tion has a round fire pot, 28 inches in 



HOUSE HEATING BY STEAM AND WATER. 



245 



diameter, and is capable of running for 
ten liours without attention, maintain- 
ing during that period, a mean tempera- 
ture in the radiation of 170 degrees. 
Two 2-inch flow pipes are connected to 




FIG. 248-DROP A. SHOWING RADIATOR CON- 
NECTIONS 

the dome of the boiler, and rise to a 
point as high as possible above the 
boiler. 

On the top of these risers are placed 
tees 2x^x2 inches. The %-inch end 
of the tees are connected by %-inch pipe, 
from which a 1-inch line of pipe is car- 
ried across the basement to the foot of a 
%-inch riser, which runs to the attic 
where it is connected to the expansion 
tank and tees are provided for the ac- 
commodation of the future radiator in 
the attic as is shown in Pig. 249. 

The method of connecting the flow 
pipes to the boiler is shown in Fig. 247. 

The 1-inch pipe which runs to the attic 
pitches up from the boiler. All the other 
pipes which leave the boiler pitch down. 
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FIG.249— SHOWING THE EXPANSION TANK.ETG 

and at the extreme end, drop and are 
connected to the return which runs along 
the wall about two feet from the floor 
line, as shown in Fig. 250. 

Fig. 8 shows the return from the bath 



room risers, which is carried close to the 
ceiling of the basement and drops at a 
point marked "E," into the main return. 

The 2-inch pipe which carries the ra- 
diation in the front of the building, has 
419 square feet of radiation attached to 
it. After reaching the front wall, it is 
divided into two l^>-inch pipes. One of 
these li^-inch lines carries' 248 square 
feet; the other 170. Each l^-inch line 
pitches down, and is continued about 
two feet beyond the last radiator con- 
nection, where they drop and are con- 
nected to the main return as shown in 
Fig. 250. 

Nearly all the radiator and riser con- 
nections are taken from the side of this 
main. The reason for doing this is to 
produce a more even distribution of the 
heated water than can be obtained when 
the connection is taken from the top, be- 
cause when the connections branch from 
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FIG. 250-DROP AT A. B. C, D AND F 

side of the main it leaves an unbroken 
pathway for the flow of the heated strata 
of water along the top of the pipe, as is 
shown in Fig. 252. 

When the branch for the radiator is 
connected to the top of the pipe, the flow 
of the water is broken at that point, and 
in many cases, retards the flow of the 
water to such an extent that the radia- 
tion is very unevenly heated, except 
when the water is leaving the boiler at 
very high temperatures. 

The action of the heated strata of wa- 
ter is shown in Fig. 253. The return 
pipes in the plan, Fig. 244, are not quite 
equal to the flow pipes, but they will be 
found sufficiently large to do the work 
satisfactorily. 

It will be necessary to drop the return 
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pipes below or flush with the cellar floor 
on each side of the boiler, which makes 
a lift of some 24 inches to the return, 
and as this water will be the coldest, and 
therefore, the heaviest, it will help the 
circulation to connect a 1-lnch pipe from 
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FIG. 251-SHOWING THE DROP AT E 

the flow pipe to the bottom of the lift, as 
is shown in Fig. 247. 

A great deal has been written in the 
past and considerable attention is being 
given at present to pipe sizes for both 
steam and water heating apparatus. It 
is claimed that for hot water heating, 
the pipes must be large enough to pre- 
vent frtttion. and therefore it is quite 
eustomary to employ a pipe 3 inches in 
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FIG. 252-SHOWING EFFECT OF SIDE OUTLET 
ON CONTINUOUS CIRCULATION 

diameter to carry 500 or 600 square feet 
of radiation. It is also quite common to 
employ an 8-inch pipe to carry 5,000 or 
6,000 square feet of radiation. All hot 
water heating apparatus which is de- 
signed with such large pipe is very slug- 
gish in movement and requires an ex-' 
cdssivo amount of fuel for its operation. 

It not infrequently happens that when 
water heating apparatus is equipped 
with these excessive pipe sizes, only a 
portion of the radiation will heat when 
the water is at moderate temperatures, 
and whenever such a thing happens, the 
remedy prescribed is to put in larger 
pipe. 

If the heating trade will pay a little 



more attention to velocity and less at- 
tention to frictlonal resistance, they will 
most assuredly get better results. 

Those heating engineers who have 
studied this problem and succeeded in 
producing higher velocities in their pipe 
lines, are now using very small piping 
for both steam and water heating with 
marked success. 

When excessively large flow pipes are 
employed for hot water heating, the 
water circulates within the pipe as is 
shown in Fig. 254, the hot water passing 
outwardly along the top of the pipe, and 
the cooler water flowing back into the 
boiler along the bottom of the pipe. 

There are a large number of hot water 
heating plants operating in this manner 




FIG. 253-SHOWING RETARTED CIRCULATION 
IN LARGE FLOOR PIPE WITH TOP OUTLET 

to-day. Of course, if enough coal is 
burned in such plants, the house can be 
heated, provided there is an abundance 
of radiation and lots of boiler power, but 
in many plants it takes from three to 
five hours after starting the fire, to raise 
the temperature of the water high 
enough to heat the rooms. 
When a hot water apparatus is piped 




FIG. 254-SHOWING CIRCULATION WITHIN 
LARGE HOT WATER FLOW PIPE 

as is described in this article, the circu- 
lation is very rapid and In thirty min- 
utes after the fire is lighted, the radia- 
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tors will begin to warm and can be heat- 
ed throughout in less than half the time 
required by the jobs equipped with ex- 
cessive pipes. 

To raise the temperature of 400 gal- 
lons of water from 60 to 160 degrees F., 
requires the consumption of 40 pounds of 
good hard coal. To raise the tempera- 
ture of 500 gallons of water from 60 to 
160 degrees P., or through 100 degrees of 
temperature, requires the combustion of 
50 pounds of hard coal, an increase of 25 
per cent. 

In a house heating Job where there are 
approximately 2,000 square feet of radia- 
tion, it is easily possible to so reduce 



the pipe sizes that the apparatus will 
contain at least 100 gallons less water 
than is contained in a similar apparatus 
that is piped according to instructions 
that is piped according to prevailing 
methods. 

When an excess of water is contained 
in an apparatus, a waste of fuel takes 
place every time the temperature of the 
water is raised, and this occurs more 
frequently than might be suspected. It 
is almost the universal custom to allow 
the temperature of the water to drop 
during the night and to replace the lost 
temperature in the morning by increas- 
ing the rate of combustion in the boiler. 



CHAPTER LIV. 



AN IMPROPERLY DESIGNED STEAM ilKATING APPARATUS. 



AS an example of a bad job of 
steam heating, we submit Fig. 
255. This is a Job that was re- 
cently installed in the western 
part of New York State, and great care 
was taken by the contractors to have an 
apparatus that would be first class in 
every particular. 

The boiler selected is of sufficient 
size, but when steam is raised the water 
fills a portion of the radiation, other 
radiators do not receive any heat, while 
an incessant hammer is heard in the pip- 
ing. 

Several changes have been made, but 
do not seem to help matters much. A 
check valve has been placed on the re- 
turn, as it was supposed that the water 
left the boiler through the return and 
entered the radiation. 

A view of the apparatus shows that 
the main steam pipe leaves the boiler 
3 inches, and is reduced from time to 
time until it is 1^ inches at the end of 
the circuit. At that point it drops to the 
main return, which is carried on the 
basement fioor and connected to the boil- 
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FIG. 255-A BAD JOB OF STEAM HEATING 

er. The branches to the radiators are all 
IVa inch, and every branch is dripped 
into the return, as shown in Fig. 257. 



Instead, however, of pitching the 
branch down to the drip, it is pitched up, 
so that the water of condensation in the 
lateral pipe fiows back against the steam 




FIG. 256-A GOOD JOB OF STEAM HEATING 

to the main, the drip taking care of the 
condensation in the riser and radiator to 
which it is attached. 

We do not know that there is any se- 
vere criticism of this method, but it 
would certainly be better practice if the 
branch were pitched down and then 
dripped. We contend, however, that there 
is no need of the drip in small work of 
this kind; that if the pipe were pitched 
up and of sufficient size, the compara- 
tively small quantity of condensation 
would flow back to the main without 
causing any trouble. Where the arms are 
from 8 to 12 feet long, th^ should cer- 
tainly be pitched down from the main 
and be dripped at the point where they 
rise to the radiator, this drip being car- 
ried back to a submerged return, if possi- 
ble. 

The trouble with this particular in- 
stallation is that owing to the reduction 
in pipe sizes, a quantity of water is pres- 
ent at all times in the bottom of the pipe. 
If eccentric tees had been used, so that 
the bottom of the pipe would be in align- 
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ment, there would not have been an; 
trouble, but aa common reducing tees 
were used, the water rtaes in the larger 
pipes until It reaches the level of the 
next smaller size. 

The trouble at the boiler is shown in 
Fig. 25S, where oul; one 3-incb opening 
and one IH-lnch la utilized. When the 
Ore In the boiler Is active the sieam will 
leave the 3-inch opening at such a high 
velocity that it carries the water with 
it and Into the piping. 

The l^-inch line Is used to heat but 
one radiator, and tor some reason does 
not heat the radiator unless there Is two 
or three pounds pressure at the boiler. 
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This we attribute to the steam, at vapor 
or very low pressure, following the line 
of least reslBtance. which Is the 3-Inch 
main. 

There are 555 square feet of radiation 
attached to the boiler to supply which 
a 3'lnch main Is used. 

In this installiitlon there was such an 
excellent opportunity to puf In a good 
steam hestlng Job. because of the shape 
of the building and because of the wet 
return being carried around the Boor of 
the basement, that there was no excuse 
for nslng one circuit of pipe, because It 
la so easy to arrange the piping Ip two 



circuits, which will heat both sides of 

the house evenly and at the same time. 

In Fie. 266 we show an arrangement 




of piping which we believe to be far su- 
perior to that shown in Fig. 265. In this 
revised system of piping the radiation Is 
carried on two lines ot pipe. Both these 
lines leave the boiler 2-lnch and are car- 
ried that size until all the radiation for 
that line Is picked up, when the 2-Inch 
pipe is provided with a 2-lnch by 1-inch 
elbow and drops to the wet return, which 
Is carried along the basement floor back 
to the boiler. 

One 2-inch line carries 326 square feet; 
the other one 230 square feet. There are 




FIG I59-A GOOD JOB OF STEAM HEATING. 
BOILER CONNECTIONS 

no drips or relief pipes from any of the 
branches, except the radiator In the hsll, 
which Is about 15 feet from the main. 
From that radiator a l-tnch pipe pitches 
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down and is provided with a bull-headed 
tee. From the bottom of the tee a drip 
is carried back and connected to the wet 
return. From the other end of the tee 
the radiator is supplied through a 1^- 
■inch valve. 

The method of connecting the piping 
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FIG. 260-A GOOD JOB OF STEAM HEATING. 
SHOWING DRIP AT END OF MAIN 

to the boiler is shown in Fig. 259, where 
two 3-inch pipes are connected to the 
steam dome. These two 3-inch risers con- 
nect to a 3-inch horizontal pipe, from 
the end of which a 3-inch drip or equal- 



izer is carried back and enters the re- 
turn of the boiler. From the top of the 
3-inch horizontal main a 2Ms-luch pipe 
rises and connects with the two 2-inch 
mains. 

By an arrangement such as this the 
steam leaves the dome of the boiler at a 
low velocity — about 8 feet per second in 
this case — and the office of the equalizer 
is to steady the water in the gauge glass. 
This arrangement will give perfectly dry 
steam in all the piping. 

The method of connecting the 2-inch 
steam mains to the return is shown in 
Fig. 260, where a branch is shown lead- 
ing to one of the radiators. 

The idea among the inexperienced 
members of the heating trade seems to 
be that if the steam pipe is of large size 
it does not matter much how it is run 
or how the piping is arranged. If a little 
more care were taken to have an even 
distribution of the heat by running two 
or more semi-circuits, and if greater care 
were taken for a proper arrangement of 
boiler connections, the pipe sizes in pres- 
ent use could easily be cut in two and 
much better results obtained. 



CHAPTER LV. 



WATER HHATIhQ APPARATIIB IN A 12-BOOH SCBOOL BODBB. 



FIG. 261 representa the baaemeot 
and piping plan tor a hot water 
heatlikg appar&tuH in a twelve- 
room Bchoolhouse. containing 
three floars and basement. Two cast iron 
Bectlonal boilers are used, with 36-Inch 
grate, each boiler having seven sections, 
IS square feet of grate, and 166 square 
feet of heating surface. The catalogue 
capacity of each holler la 4.4SO feet. 

From the tap of one boiler two S-lnch 
nipples rise and are connected Into 5x7 
elbowB. from the second boiler three 5- 



inch nipples rise and connect into 6x7 el- 

When the lob was Installed lines D and 
F were run. The F line started with 
7-lnch pipe and was reduced at intervals 
as Is shown on the plan. Line D started 
from the boiler fi-inch and immediately 
reduced to 5-lnch, with other reductions 
as shown on the plan. 

When the Are was started up It was 
found that the circulation stopped in line 
D at the point marked A and in line F 
at the point marked B. This stoppage 
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FIGURE aa-BASEUENT PLAN OF 13 ROOM SCHOOL HOUSB, 3 FLOORS AND BASEUENT 
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would be maintained while the water was 
leaving the boiler at a temperature up to 
140 degrees. When the temperature of 
the water in the boiler rose to 160 de- 
grees, the circulation would pass the stop- 
page at B and continue to the point 
marked C in line F, but it was necessary 
to raise the temperature of the water 
above 180 degrees to pass the obstruction 
at point A in line D. 

The heating contractors who installed 
the apparatus supposed that their piping 
was not large enough, and consequently 
they run the new 5-inch line marked E, 
connecting it into line F at the point 
marked K, line F being cut out and 
plugged at this point. This did not seem 
to mend matters, even in line F. 

They next made a connection from line 
E to line D at the point marked G, which 
helped warm up the tail end of line D. 

Various reasons were assigned for the 
defective circulation, among others being 
that the boilers were too small; that the 
internal area of the boilers was insuffi- 
cient to handle the water, and every rea- 
son on earth assigned except the right 
one, which is that the circulation stops 
at the points mentioned because of the 
abrupt reduction in pipe sizes, coupled 
with the fact that out of the top of the 
tees at those points a 2-inch riser is 
carried to the upper floors. As a result, 
the thin strata of water which is first 
heated, all goes up the 2-inch riser, and 
a false circulation is established in the 
flow pipe, the cooler water returning to 
the boiler along the bottom of the flow 
pipe. 

All the pipes in all of these lines pitch 
up sharply from the boiler, as is custom- 
ary in two-pipe basement work. In fact, 
it is contended by many heating men 
that it is the only way hot water will 
circulate, overlooking the fact that if 
water would not circulate down grade it 
would be impossible to get the return 
water from the radiators back to the 
boiler. 

The piping for this apparatus is de- 
signed on very generous principles. The 
radiators on all the floors are used full 
size tapping, no reductions being made 



between the first and third fioors. The 
risers are run the full size of the tappings 
and the heating contractors have endeav- 
ored to maintain the combined area of all 
the branches in the heating mains. Note, 
for example, the number and size of out- 
lets taken from the top of the boiler. 
This system will, of course, make the 
flow of water from the boiler very slug- 
gish; it cannot be otherwise. 

As we have repeatedly stated in these 
articles, a steam boiler cannot have too 
many openings out of the steam dome, so 
that the initial velocity may be as low 
as possible, but in a water boiler we 
flrmly believe that in the great majority 
of cases the area of the flow pipe leav- 
ing the boiler is entirely too large. 

Our views in regard to this matter are 
shown in the basement and piping plan. 
Fig. 262. Here the same size of boilers 
is employed, but only one 5-inch riser is 
taken out of the top of each boiler. Line 
A and line B are both 5-inch flow and 
return, the size being the same through- 
out. 

The high point of the piping is at the 
boiler, from which a %-inch pipe is taken 
and connected into the nearest riser, or 
it may be connected into the expansion 
pipe line. This vents all the piping in 
the basement. The pipes then pitch down 
to their extreme end, where they drop to 
the return, which is carried back on the 
basement wall about two feet from the 
basement floor, the return pipe grading 
downwards toward the boiler. 

By this method all the water in the 
pipe, of difTerent temperatures, flows in 
the same direction, whereas when a hot 
water main pitches up from the boiler/ 
the water in the top of the pipe flows 
away from the boiler, while the water in 
the bottom of the pipe flowd back to the 
boiler, so that we consider the down 
grade the better arrangement for uni- 
form circulation. 

In this arrangement of piping. Fig. 262, 
all the risers to the second and third 
floors are taken out of the side of the 
main. All the branches for the flrst floor 
are taken out of the top of the main. 
The returns from all of the radiators on 
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all of the floors drop to the low return. 

To heat the radiators at I a one-pipe 
circuit Ib started from the point marked 
H fn line A, and after taking up two 
groups of radiators, each containing 192 
aquare feet, Is dropped Into the &-iDcb 
return. This pipe also pitches down, and 
here the flow pipe Is taken out at the 
top of the 2-inch main, and the return 
pipe is connected Into the side. 

The radiation ia more evenly divided 



by continuing line Ai to the corner, dia- 
gonally opposite to the bollere. This 
makes line A and line B of equal length. 
It will be noted In Ftg. 261 that some 
of the first floor radiators, containing 192 
square feet, are fed with one lU-lnch 
pipe. In Fig. 262 this pipe is Increased 
to m Inch. At another point in Fig. 262 
two radiators, containing 144 feet each, 
are each fed with one l>4<inch pipe. In 
the remodeled pipe lines this pipe is in- 




FIGURE a62~BASEMENT PLAN OF 12 ROOM SCHOOL HOUSE: PIPE UMIS REMODELED 
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> 2'liicti on the horizontal line 
and looks up 1^-lnch to the radiator. 

The writer has heen called upon three 
tlmeB In the last two months to inspect 
defective hot vster heating apparatus, 
and in each CH^e has round the pipes ab- 
normally large and the defective circula- 
tion due to the large quantity of water 
which haa to be handled, producing an 
extremely low velocity in the pipes and 
a circulation so feeble that the least little 
impediment stops the flow of water en- 
tirely. 

In one case the radiation was spread 
over a considerable area and to obtain 



that the velocity Is so lew and the circu- 
lation so feeble that U is next to Impos- 
sible to get an even distribution ot the 
heat. Some changes have been made in 
the apparatus referred to, which have 
helped matters some, but it will never be 
a satisfactory working job, notwithstand- 
ing the beating contractors bave used 
long sweep elbows, and Y fittings and 
bave followed out the Injunction to 
maintain In the mains the full area of 
all branches. 

As a contrast to these excessive pipe 
sizes In hot water heating, we show a 
sketch In Fig. 263 ot a small water heat- 




HGURE JB3-SKETCH OF A SMALL WATER HEATING APPARATUS RECENTLY INSTALLED 



the necessary velocity the main pipe was 
carried from tbe boilers to the third floor, 
where the tank was connected, then 
dropped back to tbe basement, and was 
distributed to the radiators. 

This method of distributing hot water 
Is an excellent one, but in this particular 
case the heating contractors supposed 
that It they got tbe pipe large enough the 
Job would take care of Itself. As a re- 
sult, they have used for tbelr main riser 
to the expansion tank, a 9'lncb main, 
which ought not to be more than 5-inch. 
A proportionate size ot pipe was carried 
all through (be building, with the result 



Ing apparatus recently Inetalled In a 
store, and which will heat throughout as 
soon as the density of the water la dis- 
turbed by a little Are. 

For example: If tbe water In the ap- 
paratus Is at 40 degrees and enough fire 
is put In to change the temperature to 
60 degrees. It will circulate throughout 
tbe entire Job, and with a rapidity that 
Is astonishing to the trade who have been 
accustomed to using large pipe sizes. 

The customary practice Is to start trom 
boiler with a 3-Inch main, reducing to 2%- 
Inch atter the first radiator and grading 
flow and return lines up from tbe boiler. 



CHAPTER LVI. 



A FEW QUERIES ANSWERED. 



1 WOULD like to ask you whether it is 
correct to figure the secood and other floor 
bed rooms the same as the first fioor 
rooms. If figured the same, would not the 
heat from rooms on first floor rise up to 
the second floor and make it altogether too 
warm there? Have looked in all your articles 
in Tbb Plumbebs' Tbade Journal and have 
never seen It mentioned any other way. but to 
figure the same for every room in the house, 
nsual allowances being made, of course, for 
difference in exposure of the diff<?rent parts of 
the house and the construction of building. 
Ocean City, N. J. J. R. G. 

The writer does not consider it good 

practice to leave the heating of upper 
stories of a building to chance, and for 
that reason has always advocated and 
practiced treating each and every room 
according to its individual needs. 

Some heat from the lower floor un- 
doubtedly rises to the upper halls and 
some of the cooler air of the upper halls 
descends and mixes with the ascending 
warm air. As the warmer air rises 
from the lower floor, it may displace a 
small portion of the air in the upper 
halls by pushing it out through openings 
around window frames. But a very small 
portion of it will escape that way and 
it is certainly a matter of guess as to 
what quantity of heat can be depended 
upon to rise from the lower floor. It is 
good practice to place enough radiation 
in the lower hall to warm the hall on 
the second floor, provided that the sec- 
ond floor hall has no outside win- 
dows, but if there is a third floor 
hall, it is always best to place a 
separate radiator on the third floor, espe- 
cially If there are outside windows in it. 
If the third floor hall is lighted by bor- 
rowed light, there would be no need of 
a radiator. It Is a well-known fact 
amoiig experienced heating men that the 
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warm air from the first floor cannot be 
depended upon to heat rooms on a second 
floor. There are certain conditions under 
which a considerable quantity of heat 
would rise and there are other conditions 
under which a very small quantity of 
heat would rise to the upper fioor. It is 
also well known to heating engineers 
that when there is an outside window 
on the stair landing between the first 
and second fioors, cold air can be felt 
from that window when ascending the 
stairs. If a quantity of warm air was 
rushing up the stairway with suf- 
ficient volume to produce any material 
heating efTect on the upper rooms the 
cold air from the window would not be 
noticed. 

There is another reason why it is al- 
ways best to figure the same proportion 
for upper floors as is figured for the 
lower floor and that Is that the lower 
floor Is frequently protected from the full 
force of the wind by board fences, hedges 
or similar obstructions, while the upper 
floors are more exposed to the full force 
of the wind and, therefore, frequently 
require a greater portion of heating sur- 
face than do the lower fioor rooms. A 
very slight obstruction will defiect air 
currents from the lower windows and 
direct them against the upper part of 
the house as is shown in Fig. 264. 
p:dltor of The Plumbkrs* Trade Journal : 

Have t>oen much interested In your Journal 
and gained considerable information from It. 
A Mr. Thompson is advocating very small 
flow and return pipes for hot water plants. 
Out here where hard coal costs $10 per ton 
we U8e large pipes and long sweep flttings. 
4r>-inch ells. etc.. to be more economical of 
fuel. We would like to compare records be- 
tween some of our plants so rigged and some 
equal sized rigged with his small pipes. J. B. 
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FIG. 264-A VERY SLIGHT OBSTRUCTION WILL DEFLECT AIR CURRENTS FROM LOW WINDOW 



In regard to advocating small pipe 
sizes for water heating, the writer has 
endeavored to show methods by which 
the velocity of the water circulating 
through the pipes may be increased, 
thereby permitting the use of smaller 
pipe sizes than is customary. 

Our correspondent must surely know 
that the sizes of pipe required for water 
heating apparatus depend upon the ve- 
locity attained by the water when pass- 



ing through the system. The circulation 
of water due to a difference in the den- 
sity of weight of two columns is very 
imperfectly understood. 

There is not one hot water fitter in five 
hundred who has the slightest idea how 
fast the water is going through the pipe 
under a given set of conditions, nor do 
they know anything about the proper 
means to stimulate or accelerate circula- 
tion. 
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FIG. 265-OUR CORRESPONDENT CANNOT DO BETTER THAN TO INSTALL IT ACCORDING TO 

THIS SKETCH 
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When we see a water heating appar- 
atus equipped with long sweep fittings 
and abnormal pipe* sizes we know that 
the designer of such plant is simply 
working by tradition and has no scien- 
tific basis to guide him. 

That large pipe sizes in hot water 
heating apparatus make for economy is 
a false assumption and our correspon- 
dent cannot do better than to take a Job 
of 500 or 600 square feet and install it 
according to the principles shown in 
sketch, Fig. 265, using only the ordinary 
fittings and then compare that with a 
Job of similar size where they have used 
much larger pipe and especial fittings. 
A little experiment like this will do more 



he get a perfect circulation in all parts of 
the system when fitted up as shown by Fig. 
262, and second, what special gain does he 
claim for having the return carried back so 
low down? 

The form of the average building would not 
permit of that being d<Hie except perhaps such 
a building as he shows, and third, what advan- 
tage would Fig. 262 have over a similar sys- 
tem with pipes judiciously reduced by means 
of eccentric fitting, thus maintaining a perfect 
alignment of the top edge of both flow and 
return pipe? In future, I may take the lib- 
erty of going into the question of pipe sizes 
for jobs of different sizes, giving some Cana- 
dian experiences from a locality where hot 
water has been the leading system adopted for 
the past fifty years. J. D. J. 

It is not possible to say at what dif- 
ference in temperature an apparatus de- 
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FIG. a66-A SYSTEM OF FALLING CIRCULATION WITH DROP BETWEEN THE FLOW AND RETURN 

AT A POINT FURTHEST FROM THE BOILER 



to convince them of the folly of excessive 
pipe sizes than all the arguments we can 
adduce. 

Editor of The Plumbbbs* Tbade Journal: 

In your issue of February 1, 1906, under the 
heading "Steam and Hot Water Heating,*' you 
publish basement piping plans of a twelve-room 
school, showing two systems. The one. Fig. 
261, is very clearly wrong, and the exceptions 
to it are certainly well taken as it is defec- 
tive in way in which your correspondent 
claims. 

I would like to ask your correspondent 
through yonr Joubnal, first, at how slight 
a change In the temperature of the water can 



signed as shown in Fig. 262 would cir- 
culate, because that would largely de- 
pend upon the rate of cooling in the base- 
ment where the pipes are uncovered. 

The reason for showing the drop from 
the flow pipe to the return pipe at the 
end of the line furthest from the boiler 
is because that position gives a quicker 
and steadier circulation than when the 
return pipe is carried back on the same 
level as the flow pipe and is dropped at 
the boiler. 

In Fig. 266 we show a system of fall- 
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ing circulation with the drop between 
the flow and return at a point furthest 
from the boiler. This point, we have 
marked E F. The motive power, or that 
power which circulates the water through 
the mains, is the difference between the 
temperature of the water contained in 



turn water into the return line close to 
the drop, and will, in a short time, heat 
the water in that column to a tempera- 
ture almost as high as that contained in 
the Column A B with the result that 
radiator C and other remote radiators 
will have a very feeble circulation or 




FIG. 267-THE USUAL RISING CIRCULATION WITH FLOW AND RETURN RUN SIDE BY SIDE 



E F and that contained in the column 
A B. 

In Fig. 267 we show the usual rising 
circulation with the flow and return run 
side by side and the drop in height be- 
tween the flow and return is made at the 
boiler as shown by the letters E F. In 
this instance the radiator B, which is 
nearest the boiler, will discharge its re- 



none at all. Any means which may be 
employed to increase the flow of water 
through the piping and radiation of a 
water heating apparatus, permits the use 
of smaller pipe. Smaller pipe contains 
less water and as a consequence the tax 
on the boiler and fuel is less than where 
excessive pipe sizes and slow circulation 
obtain. 



CHAPTER LVn. 



PRACTICAL INFORMATION. 



INASMUCH as many of the standard 
tables, such as Area and Circumfer- 
ence of Circles, Properties of Satur- 
ated Steam, Dimensions of Wrought 
Iron Pipe, etc., are published in conve- 
nient form in so many trade catalogues, 
it was deemed best to publish only a few 
odd tables at the end of this book. 

A portion of the information contained 
in this chapter is derived from Kent's 
Mechanical Engineers' Pocket Book. 

APPBOXIMATB WBIGUTS OF FUBL. 

1 cu. ft. Lackawanna Anthracite Coal . . 50 lbs. 

1 cu. ft. best Lehigh Coal 55 lbs. 

1 cu. ft. average Soft Coal 40 Ibfl. 

1 en. ft. average Coke 28 lbs. 

SPACB OCCUPIED BY FUKL. 

1 ton (2,000 lbs.) Lackawanna Coal. 40 cu. f t. 

1 ton (2,000 Ib8.) Lehigh Coal 36% cu. ft. 

1 ton (2,000 Ibfl.) Average Soft Coal. 50 cu. ft. 
1 t<m (2,000 lbs.) Coke 70% cu. ft. 

WATER STEAM ^AlK. 

At Atmospheric Pressure. 
1 cu. ft. of water at 39.2 deg. F. weighs. 62.5 lbs. 
1 cu. ft of air at 32 deg. F. weighs . . .0807 lbs. 
1 cu. ft. of steam at 212 deg. F. weighs..03794 lb. 

Water, then, is about 775 times heavier 

than air, and 1,650 times heavier than 

steam. 

Air is 2.12 times heavier than steam, 

and 775 times lighter than water; hence, 

in water heating apparatus, the air must 

be vented at the top and on high spots. 

In steam heating apparatus, the air 

vents must be at or near the bottom. 

EXPANSION OF PIPE. 

Length that 100 feet of wrought iron 
pipe will expand in inches or fractions of 
an inch, when heated from its temper- 
ature when fitted to the following tem- 
peratures in Faht. degrees. 

Temperature 

of pipe 
when fitted. 150 180 200 220 240 
F. deg. Inches inches inches inches inches 
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1.20 1.44 1.60 1.76 1.92 

20 1.04 1.28 1.44 1.60 1.76 

40 0.88 1.12 1.28 1.44 1.60 

60 0.72 0.96 1.12 1.28 1.44 

80 0.56 0.80 0.96 1.12 1.28 

The size of pipe is not considered; 100 
feet of one inch pipe will expand or 
grow under heat to the same length as 
will 100 feet of 4-inch, or 10-inch pipe. 

By the use of the above table, the ex- 
pansion of pipe of any length may be de- 
termined by proportion. 

Example: What is the expansion of 
12 feet of pipe fitted at 40 degrees, and 
heated to 220 degrees? 

Answer: 100 feet of pipe under those 
conditions will expand 1.44 inches, or 
nearly 1^ inches. If 100 feet expands 
1.44 inches, 1 foot will expand one-hun- 
dredth part of 1.44, which is .0144; then, 
if 1 foot expands .0144 inches, 12 feet will 
expand 12 times .0144. which is .1728 
inches, or about ll-64ths of an inch; 17.18 
is the decimal equivalent of ll-64ths of 
an inch. See any table of decimal equi- 
valents. 

MBASURES OP CAPACITY. 

1 U. S. gallon of water weighs at 62 deg. F. 

8.3356 lbs. 

1 r. S. i^llon of water contains 231 cu. in. 

1 Imperial gallon of water at 62 deg. F. 

weighs 10 lbs. ^ 

1 Imperial gallon of water contains 

277.274 cu. in. 

7.48 U. S. gallons 1 cu. ft. 

6.25 Imperial gallons 1 cu. ft 

Note — The Imperial Gallon is the standard 
in Great Britain and Canada. 

MEASURES OP LENGTH. 

12 inches 1 foot 

3 feet 1 yard 

5% yds. or 16% ft 1 rod. pole, or perch 

40 rds. or 220 yds 1 furlong 

8 furlongs, or 1.760 yds., or 5,280 ft 1 mile 

3 miles 1 league 

6,080 feet 1 knot or nautical mile 

100 knots 115.15 miles 



260 



HOUSH HEATING BY STEAM AND WATER. 



^ 



SgUAIUD MEASURE. 

144 sq in 1 sq. ft. 

188.85 circular Inches 1 sq. ft. 

1,728 sq. In 1 cu. ft. 

27 cu. ft 1 cu. yd. 

9 sq. ft 1 sq. yd. 

80^ sq. yds*, or 272^ eq. ft 1 sq. rd. 

40 sq. rods 1 rood 

4 roods or 160 sq. rods, or 4,840 sq. yds., 

or 43,660 sq. ft 1 acre 

640 acres 1 sq. mile 

A plot of ground measuring : 
208.71 X 208.71 feet equals 1 acre 



91 X 120 feet equals ^ acre 

100 X 109 feet equals ^ acre 

40 X 186 feet equals ift acre 

25 X 109 feet equals 1/16 acre 

1 cord of wood equals a pile 4 x 4 x 8 ft. equal 
to 128 cu. ft. 

BlUCKWOBK. 

8% in. wall or 1 brick tblck^ 14 bricks per 

superficial foot. 
12 9i in. wall or 1% bricks thick, 21 bricks 

per superficial foot. 
17 in. wall or 2 bricks thick, 28 bricks per 

superficial foot. 




RELATIVE VOLUME OF WATER AND STEAM AT ATMOSPHERIC PRESSURE. THE SMALL CIR- 
CLE REPRESENTS WATER; THE LARGE CIRCLE REPRESENTS THE SAME QUANTITY OF 

WATER IN FORM OF STEAM. 

200 X 217.8 feet equals 1 acre 21% in. wall or 2% bricks thick, 35 bricks per 

150 X 290 feet equals 1 acre superficial foot. 

120 X 362 feet equals 1 acre Average weignt of red brick, 8 Vi x 4 x 2 Inches, 

100 X 435.6 feet equals 1 acre ^^ ***• 

145 X 150 feet equals % acre 26.2 bricks to a cu, ft 

72.5 X 150 feet equals % acre Water is a i)oor conductor of heat. 
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Therefore, water at rest is a poor ab- 
sorber of heat, but when in motion, it 
has a large capacity for carnring heat; 
hence, a water heating apparatus con- 
taining a small quantity of water circu- 
lating rapidly, is more economical of 
fuel than is an apparatus which contains 
a large quantity of water and has a 
sluggish circulation, because in the high 
Telocity apparatus, the heat from the 
fuel is more rapidly taken up and a 



higher percentage of fuel power is thus 
available. 

STEAM CONDENSATION IN WATEE AND IN AIB. 

The rate of condensation in a steam- 
filled pipe, surrounded by water is ap- 
proximately 100 times greater than when 
it is surrounded by air. That is, while 
100 square feet of pipe is condensing in 
air, 25 pounds of steam — ^the same quan- 
tity of pipe will condense in water — 2,500 
lbs. This is only approximate. 
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